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he  University  of  Florida  takes  the  opportunity  to  thank 
United  Fruit  Company  for  a  self-sustaining  grant  to 
finance  this  publication.  It  is  worthy  of  note  that  in  historical  documen- 
tations of  the  economic  progress  of  Latin  America  the  contributions  of 
United  Fruit  Company  have  long  stood  out  in  bold  relief.  Its  role  began 
in  1899  when  Captain  Lorenzo  D.  Baker,  Minor  C.  Keith,  and  Andrew 
W .  Preston  merged  their  business  interests  and  formed  United  Fruit 
Company.  Over  the  last  six  decades  the  Company  has  opened  and 
placed  new  ports  into  operation,  driven  railroads  deep  into  the  hearts  of 
virgin  jungles,  placed  centuries-old  tropical  lowlands  into  productive 
agricultural  use,  built  towns  and  provided  them  with  all  essential  serv- 
ices, established  and  operated  hospitals,  conducted  programs  to  eradi- 
cate malaria,  developed  radio  communication  between  the  Americas, 
founded  schools  in  various  countries,  developed  research  laboratories, 
offered  employment  to  countless  thousands  of  nationals  in  many  coun- 
tries, and,  not  the  least  of  all,  placed  in  operation  a  fleet  of  steamships 
to  carry  the  trade  it  generated. 

United  Fruit  Company  has  long  been  identified  with  tropical  plant 
introductions  to  Latin  America  and  with  tropical  agricultural  research 
relating  thereto.  Thus  it  is  that  the  financial  support  it  has  given  to  this 
publication,  which  deals  largely  with  agricultural  research  in  general,  is 
in  keeping  with  its  policy  of  education  and  cultural  advancement  so  long 
pursued.  Its  sponsorship,  however,  does  not  imply  an  approval  of  state- 
ments made  or  views  expressed  by  the  several  authors.  Neither  does  it 
exercise  a  proprietary  interest  in  the  publication.  It  is  with  genuine 
pleasure,  therefore,  that  the  University  of  Florida  expresses  its  gratitude 
to  United  Fruit  Company  for  the  financial  assistance  it  has  so  gener- 
ously extended.  Moreover,  the  University  is  confident  its  Latin  American 
friends  and  readers  will  share  in  this  gratitude. 
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Statement  of  STICA 

in  December  21,  1954,  a  contract  entered  into  be- 
tween the  Servicio  Tecnico  Interamericano  de  Co- 
operacion  Agricola  (STICA)  and  the  Board  of  Control,  acting  for 
and  on  behalf  of  the  University  of  Florida  with  its  principal  office 
in  Gainesville,  Florida,  became  effective.  In  cooperation  with 
STICA  it  was  designed  to  speed  up  the  agricultural  development 
of  Costa  Rica  along  the  following  lines: 

1.  To  raise  the  general  level  of  agricultural  production  for  specific 
products  and  on  individual  farms. 

2.  To  improve  host-country  agricultural  programs. 

3.  To  introduce  new  types  of  agricultural  programs. 

4.  To  train  host-country  agricultural  technicians. 

During  the  life  of  the  Contract  17  University  of  Florida  Agri- 
cultural Experiment  Station  staff  members  served  a  total  of  more 
than  15  man-years  on  tours  of  duty  in  Costa  Rica.  Meanwhile  Costa 
Ricans  studied  at  the  University  of  Florida  in  the  participant  train- 
ing program  in  various  technical  fields  such  as  beef  cattle  and  swine 
production,  economics,  marketing,  land  use  studies,  nematodes,  etc. 
The  total  Contract  program  helped  in  the  training  of  Costa  Ricans 
in  areas  of  agricultural  production  and  research.  In  addition  it 
developed  a  friendly  relationship  between  the  University  of  Florida 
and  Costa  Rica  that  gives  promise  of  continuing  through  the  years 
ahead.  STICA  is  grateful  to  the  University  of  Florida  for  the  high 
quality  of  the  educators  it  sent  to  Costa  Rica.  Its  administrators 
would  also  like  to  acknowledge  and  pay  tribute  to  their  families 
who  meant  so  much  to  the  community  life  of  San  Jose  and  Costa 
Rican  approval  of  the  North  American  Colony. 

The  close  working  relationship  between  the  University  of  Flor- 
ida, STICA,  and  MAI  demonstrated  harmony  that  is  desired  but 
seldom  achieved.  The  good  will  generated  through  the  contract 
between  the  two  countries  and  the  institutions  and  technicians 
should  have  lasting  benefits. 


Or.  Harold  Mowry  proudly  holds 

El  Alto  trophy  presented  to 

the  University  of  Florida 
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Foreword 

or  many  years  the  University  of  Florida  has  main- 
tained a  continuing  academic  and  cultural  interest  in 
the  Caribbean  area.  In  1954  this  historical  relationship  was  further 
emphasized  through  formalizing  of  a  contract  with  the  Servicio 
Tecnico  Interamericano  de  Cooperacion  Agricola  de  Costa  Rica 
(STICA)  of  the  International  Cooperation  Administration  (ICA) 
of  the  United  States  of  America  to  initiate  an  official  program  of 
technical  assistance  in  agriculture  to  the  government  of  Costa  Rica. 

The  program  was  designed  to  give  assistance  to  the  Ministry  of 
Agriculture  and  Industries  (MAI)  under  the  auspices  of  STICA  in 
the  development  of  a  strong  and  effective  agricultural  research 
organization.  The  specific  contractual  responsibility  of  the  Univer- 
sity of  Florida  was  that  it  use  its  best  efforts,  in  cooperation  with 
STICA,  to  render  technical  advice  and  assistance  to  Costa  Rica  for 
the  purpose  of  facilitating  the  development  of  Costa  Rican  agricul- 
ture and  stimulating  and  increasing  the  interchange  of  knowledge, 
skills,  and  techniques  in  the  fields  of  agriculture. 

Under  this  service  contract  the  University  of  Florida  extended 
approximately  15  man-years  of  advisory  assistance  to  Costa  Rica 
over  a  six-year  span.  A  total  of  18  staff  members  of  the  University 
served  tours  of  duty,  17  of  them  under  the  Contract  and  one  prior 
to  its  inception.  For  the  first  two  years  of  its  existence  the  Contract 
was  skillfully  guided  by  the  late  Harold  Mowry,  former  director  of 
the  Florida  Agricultural  Experiment  Station,  while  serving  with 
ICA.  Mowry,  who  worked  without  remuneration  from  the  Contract, 
was  eminently  successful  in  helping  to  establish  the  policy  and 
operational  procedures. 

Without  exception,  the  University  technicians  entered  into  and 
carried  out  their  assignments  with  enthusiasm.  Each  knew  that  his 
personal  obligation  was  to  help  in  the  recognition  and  assessment 
of  problems,  in  the  designing  of  projects,  and  in  the  selection  of 
methods  adapted  to  the  solution  of  those  problems.  It  was  also  his 
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responsibility  to  aid  his  counterparts  in  becoming  familiar  with  and 
utilizing  the  experimental  procedures  and  techniques  required — 
always  with  the  tacit  understanding  that  the  conduct  of  the  work 
was  primarily  the  responsibility  of  the  STICA  staff  and  the  MAI 
counterparts.  The  reception  and  attitudes  of  the  cooperating  Minis- 
try staff  to  the  University  program  and  technicians  were  of  the 
highest  order,  and  the  relationship  remained  one  of  mutual  respect 
and  confidence  throughout  the  Contract  period.  So  excellent  was 
the  teamwork  that  within  the  STICA  organization  it  was  difficult 
to  distinguish  between  ICA  and  University  technicians.  And  cer- 
tainly these  cordial  relationships  were  dominant  factors  in  the  grati- 
fying achievements  of  the  program. 

It  should  be  borne  in  mind  that,  as  with  the  teaching  profession, 
the  greater  part  of  the  Contract  attainments  must  be  considered  as 
intangible  and  that  they  can  be  truly  evaluated  only  through  the 
future  progress  made  by  the  cooperating  Ministry  technicians.  Yet 
it  is  a  source  of  satisfaction  to  the  administration  of  the  University 
of  Florida  that  these  accomplishments,  even  though  difficult  of 
assessment  in  tangible  values,  were  still  of  such  merit  that  the  gov- 
ernment of  Costa  Rica  expressed  regret  when  the  Contract  came  to 
a  close.  Happily,  the  friendships  made  between  the  Costa  Ricans  and 
the  University  assignees  during  the  Contract  period  have  continued 
over  the  months  since  its  expiration.  Thus,  in  effect,  only  the  clos- 
ing of  the  Contract  was  formal,  and  the  good  will  engendered 
through  it  is  a  continuing  fact — a  fact  of  credit  to  the  Univer- 
sity and  to  Costa  Rica  alike.  And  it  is  with  gratitude  that  the 
University  of  Florida  acknowledges  the  aid  of  the  ICA  which  made 
possible  this  fortunate  international  relationship. 

This  symposium  documents  the  agricultural  contributions  of  the 
University  of  Florida  to  Costa  Rica,  as  well  as  the  joint  accomplish- 
ments achieved  through  the  willing  cooperation  of  a  large  body  of 
highly-trained  Costa  Rican  scientists,  of  personnel  in  the  ICA,  of 
members  of  other  international  and  host-country  organizations,  and 
of  innumerable  private  citizens.  The  reports  in  this  volume  cover 
five  major  fields  of  interest — agricultural  economics,  plant  nutrition 
and  soils,  entomology,  livestock  and  its  products,  and  plant  pathol- 
ogy. Collectively  they  make  a  valuable  contribution  to  the  bibliog- 
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raphy  of  Costa  Rican  agriculture  which  should  be  of  interest  to 
scholars  and  agricultural  scientists  interested  in  Latin  America, 
wherever  they  may  live.  The  University  of  Florida  Press  takes  pride 
in  publishing  this  work,  which  adds  a  new  title  to  its  already  im- 
pressive list  of  scholarly  works  on  Latin  America — works  which 
have  been  steadily  attracting  favorable  international  attention. 
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Introduction 

he  University  of  Florida-STICA  Contract  and  its 
achievements  are  set  forth  in  considerable  detail 
in  the  subsequent  chapters  by  the  various  authors  participating 
in  this  publication.  What  is  not  explained,  except  inferentially,  is 
the  manner  in  which  the  sociopolitical  structures  of  Costa  Rica 
impinge  directly  upon  all  segments  of  the  agricultural  economy, 
and  therefore  upon  the  lives  of  all  its  people.  A  mention  of  cer- 
tain of  these  institutions  with  an  explanation  of  their  functioning 
will  help  to  clarify  the  conceptual  framework  within  which  the 
Costa  Rican  agricultural  industry  moves.  But,  first,  a  brief  glimpse 
of  Costa  Rican  history. 

In  many  respects  the  history  of  Costa  Rica  is  one  of  common 
struggle  with  other  Latin  American  nations  against  Spain.  Costa 
Rica's  independence  became  affirmed  in  1850,  and  its  colonizing 
history  started  in  1564  when  Juan  Vasquez  de  Coronado  trans- 
ported 50  families  from  the  Galicia  and  Aragon  regions  of  Spain 
to  begin  the  first  permanent  colonization  settlement.  These  people 
were  said  to  have  been  farm  folks  and  they  carried  horses,  cows, 
and  swine  to  the  new  homes  which  they  founded  in  fertile  valleys 
and  river  lowlands.  In  their  Historia  de  Costa  Rica  (1948),  Carlos 
Monge  and  Ernesto  J.  Wender  state  that  the  small  property  early 
distinguished  Costa  Rica  from  the  rest  of  the  continent,  and  thus  it 
may  be  unique  in  the  social  and  human  evolution  of  Latin  America. 
It  made  neither  slaves  nor  servants;  it  created  individualism  and 
set  high  ideals.  By  the  end  of  the  eighteenth  century  pride  in  the 
ownership  of  property  and  the  sentiment  of  equality  had  become 
deeply  ingrained  in  all  Costa  Ricans.  In  fact,  the  political  stability 
of  Costa  Rica  has  often  been  attributed  to  this  early  system. 

Today,  after  four  centuries  of  growth,  the  economy  of  the  coun- 
try remains  predominantly  agricultural.  As  in  all  agrarian  regions, 
numerous  cultural  and  institutional  problems  are  encountered  and, 
generally  speaking,  crop  yields  are  well  below  recognized  poten- 
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tials.  The  rapid  rise  in  the  country's  population,  some  4  per  cent 
annually,  makes  compensatory  increases  in  the  production  of  food 
crops  mandatory  to  forestall  the  necessity  of  importing  those  items 
which  can  and  should  be  grown  locally.  It  is  obvious  that  if  Costa 
Rica  is  to  maintain  self-sufficiency  in  these  food  crops  and  retain 
its  share  of  the  world  markets  for  its  tropical  produce,  continuing 
improvement  in  methods  and  techniques  of  culture,  husbandry,  and 
pest  and  disease  controls  is  a  basic  essential.  For  these  reasons  the 
identification  of  the  principal  legal  institutions  affecting  farming, 
assembly,  distribution,  and  marketing  of  agricultural  products 
seems  warranted.  These  legal  creations,  or  autonomous  institutions 
( semigovernmental ) ,  are  sometimes  directly  involved  in  business 
or  commerce. 

Among  the  most  influential  of  the  organizations  which  affect 
both  the  farmer  and  the  consumer,  are  the  Consejo  Nacional  de  Pro- 
duccion  (National  Production  Council),  the  Junta  de  Cafia,  the 
Dos  Pinos  Milk  Cooperative,  and  agricultural  credit  institutions. 
Outside  of  agriculture  one  encounters,  among  many  others,  insti- 
tutions such  as  the  Instituto  Costarricense  de  Electricidad,  which 
generates  and  distributes  electricity;  the  nationalized  Pacific  Elec- 
tric Railway,  which  connects  San  Jose  with  the  Pacific  Coast;  a 
national  liquor  factory;  and  a  national  insurance  institute.  It  is 
within  this  framework  of  governmental  or  semigovernmental  insti- 
tutions that  agricultural  policies  and  programs  develop. 

The  Consejo  Nacional  de  Production. — A  1956  law  empowered 
a  semiautonomous  institution,  called  the  Consejo  Nacional  de  Pro- 
duccion,  to  assume  price  regulatory  duties,  along  with  many  other 
responsibilities.  In  establishing  guaranteed  prices  to  farmers  for 
specific  commodities,  the  government  moved  to  protect  farmers 
against  seasonal  price  variations.  Guaranteed  prices  were  set  ( 1 ) 
to  destroy  established  monopsonies  and/or  oligopsonies,  (2)  to 
enter  into  contractual  agreements  with  producers  for  crops,  (3)  to 
purchase  and  store  basic  food  crops  in  times  of  abundance,  and 
(4)    to  help  maintain  relatively  stable  prices  for  consumers. 

The  purchasing  program  of  the  Consejo,  in  order  to  make 
guaranteed  prices  effective,  requires  heavy  financing,  which  is 
obtained   (1)   from  the  state,   (2)   through  funds  obtained  by  the 


INTRODUCTION  3 

operation  of  the  National  Liquor  Factory,  (3)  by  direct  loans 
from  the  Banco  Central  de  Costa  Rica,  and  (4)  through  loans 
from  the  commercial  banks  of  the  national  banking  system. 

The  regulation  of  minimum  prices  covers  products  for  human 
consumption,  such  as  rice,  beans,  fish,  and  others,  as  well  as  raw 
materials  for  industry,  as,  for  example,  sesame  and  cotton.  To 
take  care  of  consumer  demand  directly  a  chain  of  retail  stores  was 
set  up.  The  stores  are  commonly  known  as  estancos.  For  brokers 
and  wholesalers  there  are  the  almacenes  de  distribution,  where 
brokers  can  buy  freely.  These  estancos  and  almacenes  numbered 
52  in  1960,  with  31  of  them  located  in  the  Central  Plateau  (Meseta 
Central),  where  the  volume  need  for  basic  foods  is  greatest;  and 
the  other  21  distributed  throughout  the  rest  of  the  nation.  The 
Consejo  has  encouraged  the  development  of  a  storage  program  to 
provide  the  country  with  adequate  facilities  to  conserve  specific 
agricultural  and  cattle  products.  It  maintains  four  grain  elevators 
with  a  total  capacity  exceeding  600,000  quintales,  which  are 
utilized  mainly  for  storing  the  grain  which  the  organization  buys 
from  the  farmers.  Until  these  elevators  were  built  it  had  not  been 
possible  to  provide  storage  service  to  either  farmers  or  middlemen. 

Junta  de  Carta. — An  organization  called  the  Protective  Board  for 
Sugar  Cane  Agriculture,  usually  referred  to  as  the  Junta  de  Cana, 
regulates  the  supply  and  price  of  granulated  sugar  on  the  local 
market.  This  is  a  private  organization  but  the  Minister  of  Agri- 
culture is  a  member  of  its  board  of  directors.  At  this  writing  there 
is  only  one  quality  of  local  granulated  sugar  available.  For  several 
years  prior  to  1959  the  price,  per  pound  for  sugar  did  not  vary 
and  remained  at  $0.55  per  pound  ($0.0825  USA). 

Dos  Pinos  Cooperativa  de  Productores  de  Leche,  R.  L. — The 
size  of  the  dairy  industry  has  made  necessary  the  coordinated  as- 
sembling, selling,  and  distribution  of  dairy  products.  A  very 
modern  dairy  cooperative,  commonly  called  Dos  Pinos  Coopera- 
tive, with  a  membership  of  well  over  200  dairymen,  processes  a 
large  share  of  the  milk  production.  Because  of  its  volume  output  of 
pasteurized  milk  it  effectively  standardizes  the  price  for  this  prod- 
uct on  the  San  Jose  market,  where  the  bulk  of  the  consumers  are 
located.  About  68  per  cent  of  the  milk  handled  in  1958  was  sold 
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as  pasteurized  or  homogenized  milk,  and  the  remainder  was  used 
for  nonfat  dry  milk  powder.  The  powder  program  was  originally 
designed  to  utilize  "surplus"  or  wet-season  milk,  but  relatively  high 
prices  for  wholesale  milk  have  resulted  in  an  expanded  powder 
program.  In  1955  around  447,000  pounds  of  powder  were  manu- 
factured; in  1959  the  total  exceeded  1,776,000  pounds.  Much  of 
the  1959  output  was  excess  and  went  into  storage  at  the  Consejo 
Nacional  de  Produccion  under  a  government  purchasing  program. 

Agricultural  Credit  Institutions. — All  banking  institutions  are 
nationalized  or  controlled.  In  1959  the  banking  system  included 
three  national  banks  and  one  private  bank  under  the  control  of  a 
central  bank,  the  Banco  Central  de  Costa  Rica.  Each  of  the  national 
banks  has  facilities  and  capital  for  agricultural  credit.  In  1959 
more  than  $50  million  U.S.A.  equivalent  was  available  for  miscel- 
laneous types  of  credit.  Since  each  bank  operates  under  the  control 
of  the  Banco  Central,  the  banking  policies  as  to  terms,  interest  rates, 
and  security  requirements  are  similar.  In  brief,  it  can  be  said  that 
agricultural  credit  is  both  highly  specialized  and  departmentalized. 
Some  types  of  credit  are  for  (1)  livestock  production  loans,  (2) 
new  pasture  and  fence  construction  loans,  and  (3)  general  financ- 
ing loans  with  $10,000  ($1,500  USA)  limit  per  person. 

The  Banco  Nacional  was  the  pioneer  in  agricultural  credit  in 
Costa  Rica.  It  has  a  special  program  designed  for  small  and  medium 
class  farmers  and  is  called  Juntas  Rurales  de  Credito  Agricola. 
About  50  Junta  Rurales  were  operating  in  various  parts  of  the 
country  in  1959.  There  is  a  central  directing  office,  but  individual 
juntas  have  considerable  responsibility  and  authority.  In  each  rural 
agency  a  board  or  committee  of  three  farmers  is  appointed  with 
responsibility  for  reviewing  and  passing  upon  each  application  for 
a  loan.  Loans  at  6  per  cent  are  available  for  almost  any  type  of 
production  operation.  Among  these  are  the  following: 

1.  Short-term  seed  and  feed  loans,  which  are  annual  loans. 

2.  Machinery  and  equipment  loans,  repayable  in  three  years. 

3.  Permanent  installation  loans,  repayable  in  five  years. 

4.  Productive  livestock  and  work  animal  loans,   repayable  in  eight 
years. 

5.  Farm  improvement  and  farm  purchase  loans,  repayable  in  151/2 
years. 
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As  a  whole,  farmers  are  literate  and  consciously  maintain  good 
credit  ratings.  Over  99  per  cent  of  the  loans  made  by  the  Juntas 
Rurales  which  matured  in  1959  were  collected,  although  nearly  30 
per  cent  of  the  borrowers  had  their  repayment  schedules  revised 
because  of  conditions  beyond  their  control.  The  Banco  Credito 
Agricola  de  Cartago  also  operates  a  loan  program  to  aid  small 
farmers  with  short-term  and  medium  loans. 

There  are  also  particularized  types  of  loans,  and  each  type  is 
usually  a  specialty  of  a  given  bank. 

Miscellaneous  Institutions. — In  addition  to  the  organizations  just 
described  there  are  strong  and  influential  special-interest  groups 
such  as  the  Oficina  del  Cafe  and  the  Camara  de  Ganaderos  de 
Guanacaste.  Others  which  could  be  listed  include  the  Atlantic 
Cacao  Producers  Cooperative,  Ltd.,  and  an  egg  and  a  tobacco  co- 
operative. In  addition,  a  half-dozen  other  cooperatives  were  in  the 
organizational  or  planning  stage  in  1959.  The  cooperative  program 
under  which  the  Dos  Pinos  Cooperative  was  formed  was  a  special 
project  of  the  Banco  Nacional  de  Costa  Rica,  which  maintains  an 
independent  budget  for  this  operation.  Initiated  in  1947,  this  pro- 
gram was  expanded  in  1955  because  of  the  favorable  experience 
enjoyed  by  the  Bank  during  the  eight-year  period. 

Because  of  the  administrative  control  exercised  over  them  by 
the  Banco  Nacional  the  cooperatives  are  in  fact  like  many  other 
institutions,  only  semiautonomous.  For  example,  since  early  1957 
the  Banco  Central  and  the  Consejo  Nacional  de  Produccion  have 
been  associated  with  the  Cacao  Producers  Cooperative  mentioned 
above.  As  a  consequence,  the  amount  of  operating  capital  available 
to  the  Cooperative  was  considerably  increased.  However,  the  man- 
ager of  the  Cacao  Cooperative  was  appointed  by  the  National  Bank 
as  well  as  three  of  the  seven  representatives  on  its  board  of  direc- 
tors. The  Consejo  Nacional  de  Produccion  also  names  one  member 
to  the  board  of  directors.  This  illustration  points  up  the  interlocking 
arrangements  of  various  semigovernmental  organizations,  each  of 
which  in  its  own  right  exercises  considerable  influence  over  farmers 
and  farm  products. 

In  vesting  in  the  government  many  rights  formerly  reserved  for 
the  people,  the  Costa  Ricans  have  demonstrated  their  faith  in  con- 
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stitutional  democracy.  Controls,  restraints,  and  regulations  em- 
ployed by  the  government  for  the  general  welfare  of  all  the  people 
were  acquired  from  and  with  the  consent  of  the  governed.  These 
rights  were  vested  in  the  government  not  only  to  insure  domestic 
tranquillity  but  also  to  guide  the  nation  toward  higher  levels  of 
economic  development.  It  is  not  the  purpose  of  the  authors  of  this 
symposium  to  pass  judgment  or  to  offer  comparisons  on  national 
regulatory  institutions,  because  each  country  tends  to  develop  those 
institutional  arrangements  best  suited  to  its  objectives.  Rather,  it 
is  the  fervent  hope  of  the  authors  that  the  papers  contained  herein 
will  become  an  instrument  of  greater  understanding,  even  if  small 
in  degree,  between  the  United  States  and  its  Caribbean  neighbors. 


WILLARD    M.    FIFIELD 
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osta  Ricans  take  just  pride  in  their  educational 
attainments.  Only  Argentina,  Uruguay,  and  Chile, 
in  the  order  named,  report  higher  national  literacy  rates.  Agricul- 
tural graduates  of  the  University  of  Costa  Rica  are  numerous  and 
well  trained,  a  unique  situation  in  Latin  America.  Its  engineer- 
agronomists  are  members  of  a  professional  organization  which 
commands  a  strong  voice  in  national  agricultural  programming. 
Moreover,  some  of  its  members  have  made  and  are  still  making 
notable  contributions  to  Latin  American  agricultural  sciences. 

In  spite  of  this  favorable  situation,  the  Costa  Rican  government 
has  been  unable  as  of  this  writing  to  conduct  studies  leading  to  the 
best  use  of  abandoned  banana  lands  in  tropical  areas,  although 
these  are  areas  that  have  been  cleared,  drained,  and  provided  with 
access  roads.  In  mid-1956  the  United  Fruit  Company,  which  holds 
extensive  lands  in  Costa  Rica,  curtailed  operations  in  its  Quepos 
Division  on  the  Pacific  coast.  While  the  Company  provided  financial 
aid  to  some  farmers  who  wanted  to  go  into  the  rice  business,  others 
from  lack  of  trained  supervision  or  knowledge  drifted  into  subsist- 
ence farming.  This  repeated  the  Limon  experience  of  some  years 
earlier  when  Panama  disease  forced  the  abandonment  of  banana 
lands  there. 

The  recurrent  expense  of  land  abandonment  and  development  of 
new  banana  production  areas  in  time  forced  the  United  Fruit  Com- 
pany to  invest  heavily  in  applied  agricultural  production  research. 
In  the  1920's  the  Company  organized  tropical  agricultural  research 
on  a  comprehensive  and  highly  scientific  basis.  It  has  since  gained 
recognition  for  its  introductory  gardens  at  Lancetilla,  Honduras,  for 
its  agronomic  and  soils  laboratory  at  La  Lima,  Honduras,  and  for 
its  field  studies  in  many  countries,  especially  as  related  to  the  ba- 
nana. It  has  long  sought  and  is  still  seeking  a  control  for  Panama 
disease;  it  developed  techniques  for  keeping  sigatoka  in  check, 
conducted  vast  experiments  with  flood  fallowing,  fertilization,  irri- 
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gation,  soils  and  plant  nutrition,  and  performed  many  other  research 
activities.  Its  practical  research  discoveries  were  introduced  to  all 
countries  where  it  maintained  production  operations.  Moreover, 
scattered  over  the  United  States  today  there  are  many  agricultural 
scientists  who  received  their  early  research  training  as  United  Fruit 
employees. 

Nearly  all  Caribbean  countries,  as  well  as  several  in  South  Amer- 
ica, have  profited  in  some  manner  or  degree  from  United  Fruit's 
commercial  activities.  In  Costa  Rica  alone  it  planted  24,000  acres 
of  cacao,  10,000  acres  of  African  palm,  and  5,000  acres  of  abaca. 
Some  of  these  lands  are  now  in  private  operation  under  lease  or 
through  transfer  of  ownership.  As  extensive  as  these  cultivations 
were,  their  annual  aggregate  dollar  revenue  was  small  as  compared 
to  income  from  bananas.  In  1955,  to  cite  one  example,  and  the  first 
full  year  of  the  University  of  Florida-ICA  Costa  Rica  Contract  oper- 
ation, United  Fruit  shipped  nearly  7,000,000  stems  of  bananas  from 
Costa  Rica,  or  a  fifth  of  its  total  shipments.  United  Fruit's  total 
exports  of  bananas,  cacao,  and  abaca  then  approximated  50  per  cent 
of  Costa  Rica's  total  agricultural  exports,  and  about  25  per  cent  of 
total  agricultural  production.1  From  these  data  it  can  be  seen  that 
the  tropical  lowlands  have  been  contributing  most  heavily  to  the 
dollar  exchange  Costa  Rica  earns  from  agricultural  exports. 
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Another  measure  of  the  economic  importance  of  Costa  Rica's  low- 
land agriculture  is  gleaned  from  average  salaries  and  wages  paid  to 
the  gainfully  employed.  In  the  "banana  provinces"  of  Puntarenas 
and  Limon,  average  per  capita  annual  earnings  of  agricultural 
workers  in  1950  were  40  per  cent  higher  in  Puntarenas  and  50  per 
cent  higher  in  Limon  than  in  the  nation  as  a  whole.2  This  was  due 
largely  to  a  national  salary  commission  which  sets  minimum  wage 
rates  of  banana  and  cacao  workers,  by  agreement  with  the  United 
Fruit  Company,  at  a  53  per  cent  higher  level  than  for  coffee  laborers 
and  even  higher  than  for  other  farm  laborers,  most  of  whom  are 
found  in  the  cool  highlands  of  the  interior. 

Space  has  here  been  given  to  United  Fruit's  research  contribu- 
tions to  tropical  agriculture  not  only  because  the  Company  has  had 
such  a  decisive  influence  on  the  economic  destiny  of  many  nations, 
but  also  because  this  symposium  deals  largely  but  not  entirely  with 
the  agriculture  of  the  tropical  highlands.  The  general  omission  of 
lowland  tropical  agricultural  research  stems  not  from  design  but 
rather  from  the  nature  of  the  University  Contract  with  Costa  Rica. 
In  fairness  to  the  various  writers  it  should  be  noted  that  they  were 
all  cognizant  of  the  pressing  problems  of  Costa  Rica's  lowlands,  as 
are  Costa  Rican  officials  generally.  It  is  to  be  regretted  that  suffi- 
cient funds  and  men  are  not  available  in  Costa  Rica  to  meet  all 
urgent  national  agricultural  research  needs  simultaneously. 

Until  recent  years,  organized  agricultural  research  by  the  govern- 
ment of  Costa  Rica  was  extremely  limited.  In  1950,  to  help  stimulate 
the  economic  growth  of  the  country,  the  MAI  broadened  its  activi- 
ties by  initiating  agricultural  investigational  work  within  its  appro- 
priate departments.  Although  the  chiefs  and  many  of  the  technicians 
of  these  departments  held  the  Ingeniero  Agronomo  or  the  Master's 
degree,  many  of  them  lacked  the  opportunity  for  observation  and 
experience  in  newly  developed  experimental  procedures.  And,  as  in 
any  new  program  of  research  development,  the  complexity  of  the 
many  serious  problems,  whose  solution  required  both  highly  spe- 
cialized training  and  equipment,  created  definite  handicaps.  It  was 
these  factors  that  led  the  MAI  to  request  the  ICA  of  the  United 
States  to  seek  advisory  assistance  of  competent  agricultural  spe- 
cialists from  an  American  university.  Both  groups  agreed  that  such 
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aid  could  be  utilized  to  great  advantage  in  furthering  the  Ministry's 
research  program.  The  University .  of  Florida,  located  in  a  state 
with  an  environment  in  many  respects  fairly  similar  to  that  of  Costa 
Rica,  and  with  a  large  corps  of  agricultural  scientists  on  its  staff, 
was  unusually  well  qualified  in  the  attributes  necessary  to  such  an 
undertaking.  The  enthusiastic  interest  evidenced  by  University  offi- 
cials and  by  the  Minister  of  Agriculture  in  the  proposal  of  lending 
the  services  and  skills  of  some  of  the  University's  technicians  for 
this  purpose  led  to  the  negotiation  of  a  covering  contract. 

The  Contract  between  the  University  of  Florida  and  STICA, 
executed  December  21,  1954,  became  active  April  1,  1955,  with  the 
arrival  of  the  first  University  technicians  in  Costa  Rica.  It  continued 
actively  in  operation  by  extensions  and  renewals  through  June,  1960. 

The  primary  function  of  the  Contract  was  to  strengthen  the  agri- 
cultural research  divisions  of  the  Costa  Rican  MAI  through  assign- 
ment of  highly  qualified  technicians  and  by  short-term  training  of 
selected  Ministry  personnel  in  specialized  subjects  in  the  Univer- 
sity's Experiment  Stations.  Because  of  the  lack  of  required  facilities 
within  the  country  it  also  provided  for  a  limited  amount  of  analyti- 
cal work  to  be  done  in  University  laboratories.  It  should  be  stressed 
that  the  intent  of  the  Contract  was  to  assist  in  the  development  of 
an  agricultural  research  program  consistent  with  the  country's  needs 
and  abilities  and  not  to  conduct  such  a  program.  The  over-all  objec- 
tive was  to  increase  the  technical  competence  of  MAI  personnel. 

THE    CONTRACT 

The    FOLLOWING   BASIC    OBJECTIVES    were    set    forth   in 

Appendix  B  of  the  Contract: 

To  advise  and  assist  in  (A)  the  development,  strengthening,  and 
expansion  of  agricultural  programs  through  assignment  of  Contractor  s 
technicians  to  Costa  Rica;  (B)  technical  training  of  Ministry  field  serv- 
ice technicians;  and  (C)  supplying  special  services,  such  as  training  in 
University  facilities,  special  laboratory  tests,  and  assistance  in  the  prepa- 
ration and  demonstration  of  technical  publications.  The  objectives  of 
such  special  training  of  local  technicians  and  improvement  of  program- 
ming, execution  and  analysis  of  research  activities,  together  with  im- 
provement and  expansion  of  facilities,  is  to  provide  competent  and 
efficient  agricultural  research  programs  that  can  be  conducted  by  the 
Ministry. 
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All  Contract  services  were  provided  under  the  general  policy 
guidance  of  the  United  States  of  America  Operations  Mission 
(USOM)  Director  through  the  Director  of  STICA.  They  were  im- 
plemented by  work  programs  jointly  developed  and  subject  to 
review  as  considered  necessary  by  STICA  or  the  Contractor.  Staff 
members,  including  a  United  States  Department  of  Agriculture 
(USDA)  specialist  stationed  at  the  University,  were  all  recruited 
from  University  of  Florida  personnel.  There  was  no  prevailing 
period  of  appointment,  and  length  of  service  in  Costa  Rica  varied 
from  one  to  44  months,  During  the  Contract  period  official  visits 
made  by  Florida  administrators  to  Costa  Rica  and  by  ICA  officials 
to  Florida  helped  establish  a  good  personal  relationship  between  the 
University  and  STICA  administrators. 

The  agricultural  research  programs  under  which  Contract  staff 
members  served  were  largely  those  of  STICA,  although  in  several 
instances,  with  the  joint  consent  of  STICA  and  MAI,  technicians 
were  consultants  to  other  agencies.  STICA,  being  jointly  financed 
by  the  governments  of  Costa  Rica  and  the  United  States  of  Amer- 
ica, was  yet  an  autonomous  organization.  It  functioned  under  a 
system  of  projects  signed  by  designated  representatives  of  the 
respective  governments.  In  reality,  the  STICA  projects  were  de- 
tailed work  plans  which  set  forth  objectives,  operational  procedures, 
and  estimated  costs.  In  actual  operation,  Florida  staff  members 
worked  with  STICA  technicians  in  carrying  out  the  operations  of 
specific  STICA  projects.  For  example,  Florida  livestock  and  agron- 
omy assignees  worked  with  STICA's  livestock  project  leader  and 
MAI  personnel  to  attain  designated  STICA-MAI  objectives  in  the 
development  of  livestock  and  pasture  programs. 

Organization  and  Finance 

Since  the  Contract  as  drawn  between  the  University  and  STICA 
provided  that  the  principal  services  were  to  be  for  and  within  the 
MAI,  it  appeared  essential  that  the  proposed  activities  of  the  Uni- 
versity technicians  be  covered  under  a  STICA  project  bearing  the 
signatures  both  of  the  Director  of  STICA  and  of  the  Minister  of 
Agriculture.  Such  a  project  (STICA  No.  25)  was  executed  in  Janu- 
ary, 1955.  This  arrangement  simplified  working  relationships  with 
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both  STICA  and  the  Ministry  and  extended  to  the  University  tech- 
nicians the  advantages  and  facilities  of  the  STICA  organization. 
It  also  had  a  definite  influence  in  stimulating  cooperation  between 
Contract  and  STICA  personnel  without  in  any  way  infringing  on 
the  identity  of  either  group.  There  can  be  no  doubt  but  that  the 
teamwork  thus  engendered  materially  furthered  the  over-all  agri- 
cultural program  and  that  this  unity  of  purpose  and  operation 
enhanced  Contract  associations  with  the  Ministry  staff. 

All  matters  pertaining  to  the  financing  of  the  expenditures  of 
technicians  during  their  stay  within  the  country  were  efficiently 
handled  by  the  STICA  business  offices;  salaries  and  international 
travel  were  paid  through  the  University.  Utilization  of  these  STICA 
facilities  made  unnecessary  the  local  employment  of  a  business 
manager  under  the  Contract. 

Expenditures  were  restricted  largely  to  salaries,  travel,  and  per- 
sonal expenses  (per  diem  and  housing)  of  technicians.  Only  under 
circumstances  where  essential  equipment  or  materials  were  other- 
wise unavailable  were  such  expenditures  authorized.  The  Ministry, 
within  budgetary  limitations,  supplied  necessary  project  needs  in 
conformity  with  its  "in  kind"  contribution. 

Prior  to  recommendation  of  assignment  of  a  technician,  the 
proposal  was  in  all  instances  discussed  with  and  approved  by  MAI, 
STICA,  and  USOM  officials  as  well  as  the  local  staff  members  who 
would  act  as  counterparts.  The  need  for  a  technician's  assistance, 
the  role  he  was  expected  to  fill,  and  availability  of  facilities  for 
utilization  of  the  assistance  he  was  qualified  to  render  were  defi- 
nitely determined.  Thus,  upon  arrival,  each  technician  had  the  ad- 
vantage of  a  guided  landing,  as  it  were.  Under  such  circumstances 
he  needed  a  minimum  of  self-orientation,  soon  became  acquainted 
with  the  over-all  plan  of  work  in  which  he  was  expected  to  fit,  and 
received  full  cooperation  from  his  future  co-workers  upon  his  ar- 
rival. This  advance  preparation,  it  is  believed,  conserved  much 
time  in  the  early  weeks  of  assignment  by  enabling  the  technician  to 
adjust  himself  to  the  organization  and  to  his  work  without  undue 
difficulty  and  frustrating  delay. 

At  the  outset  and  throughout  the  term  of  the  Contract  a  policy 
assiduously  followed  was  that  of  assigning  technicians  to  work  di- 
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rectly  with  counterparts  within  appropriate  departments  of  the 
Ministry.  Their  headquarters  were  within  those  departments  and 
essentially  they  became  staff  members  of  the  divisions  concerned. 
In  no  instance  did  an  assignee  assume  leadership  of  a  Ministry 
project.  His  obligation  was  not  only  to  assist  technical  advancement 
in  all  ways  possible  but  also  to  do  nothing  which  would  tend  to 
lessen  the  feeling  of  responsibility  or  restrict  the  freedom  of  action 
and  initiative  of  any  of  the  local  staff.  From  the  beginning  there 
was  a  tacit  understanding  that  the  primary  responsibility  for  the 
conduct  of  the  investigations  rested  with  local  project  leaders  and 
that  any  resulting  credit  would  accrue  to  them. 

It  should  be  mentioned  that  the  organization  of  the  Ministry 
was  such  that  the  technicians  were  enabled  to  expend  practically 
the  whole  of  their  efforts  directly  on  their  assigned  duties;  it  did 
not  become  necessary  or  expected  that  they  attend  to  minor  ad- 
ministrative details  or  assume  any  part  of  the  responsibility  for 
maintenance  of  the  physical  plant. 

Staffing  Assignments 

Seventeen  University  of  Florida  Agricultural  Experiment  Station 
staff  members  served  a  total  of  nearly  15  man-years  on  tours  of  duty 
in  Costa  Rica  between  December  21,  1954,  and  June  20,  1960, 
under  the  Florida  Contract  (see  Table  1). 

In  1954,  at  the  request  of  University  officials  and  with  the  con- 
currence of  local  ICA  administrative  officers,  Harold  Mowry,  then 
Consulting  Director  of  the  Agriculture  and  Natural  Resources  Di- 
vision of  ICA  in  Costa  Rica,  was  designated  as  Supervisor  of 
Contract  Activities  without  salary  or  other  remuneration  from  the 
University.  He  acted  in  that  capacity  until  his  retirement  early  in 
1958.  Under  his  supervision  policy  objectives  and  procedural 
methods  were  firmly  established.  On  the  University  of  Florida 
campus  the  Contract  was  represented  by  the  Provost  for  Agricul- 
ture, who  was  designated  as  the  Campus  Coordinator.3 

Participant  Training 

The  Contract  participant  training  program  was  designed  to  give 
Costa  Rican  recipients  in-held  training  on  an  individual  basis  under 
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TABLE   1. — Technical  Assistance  Extended  for  178  Months  to  Costa  Rica 

UNDER  THE  UNIVERSITY  OF   FLORIDA   CONTRACT,   1954-1960 

Staff  Member  Contract  Title  Months  Served* 

LIVESTOCK 62.5 

W.  G.  Blue  Pasture  Agronomist^  24.0 

G.  B.  Killinger  Agronomist  22.0 

R.  W.  Kidder  Animal  Feeding  Specialist  5.0 

W.  G.  Kirk  Animal  Husbandman  3.5 

D.  A.  Sanders  Veterinarian  3.0 

H.  H.  Wilkowske  Cheese  Mfg.  Specialist  2.5 

W.  A.  Krienke  Dairy   Technologist  1.5 

S.  P.  Marshall  Dairy  Husbandman  1.0 

AGRICULTURAL     ECONOMICS 59.5 

D.  E.  Alleger                     Agricultural  Economistt  44.0 

L.  A.  Reuss                       Land-Use  Specialist  11.0 

W.  K.  McPherson            Land  Economist  2.5 

R.  E.  L.  Greene                Potato  Marketing  Specialist  2.0 

soils 39.0 

A.  E.  Kretschmer,  Jr.       Soils  Chemist  22.0 

G.  M.  Volk                        Soils  Chemist  17.0 

others 17.0 

L.  C.  Kuitert                     Entomologist  12.0 

I.  W.  Wander                    Plant  Pathologist  3.0 

M.  B.  Corbett                   Plant  Pathologist  2.0 

*  Excludes  terminal  vacations  earned  under  the  Contract  and  services  donated 
by  Harold  Mowry.  f  Acting  Chief  of  Party,  March  to  June,  1960. 

JChief  of  Party,  following  departure  of  Harold  Mowry,  until  March,  1960. 

University  of  Florida  personnel  in  predetermined  subject  mat- 
ters. Each  participant  was  processed  by  the  San  Jose  ICA  training 
officer,  and  his  campus  program  was  planned  by  the  Contract 
Campus  Coordinator.  On  completion  of  their  training  periods,  the 
participants  received  evaluation  interviews  conducted  by  A.  S. 
Muller,  the  University's  counselor  for  Latin  American  agricultural 
students.  Five  members  of  the  Ministry  staff  and  two  faculty  mem- 
bers of  the  University  of  Costa  Rica  completed  training  periods  in 
Florida. 

J.  Luis  Solano,  veterinarian,  reported  to  the  University  at  Gaines- 
ville in  June,  1956,  and  returned  to  San  Jose  the  following 
December.  His  training  was  under  the  direction  of  D.  A.  Sanders, 
Head,  Department  of  Veterinary  Science,  and  dealt  with  advanced 
laboratory  techniques  of  disease  diagnosis  and  methods  of  control. 

Adalberto  Carrillo,  animal  husbandman,  also  arrived  at  the  Uni- 
versity in  June,  1956.  He  was  assigned  to  work  under  the  direction 


Demonstrating  metal 
quadrat  for  sampling 
pastures  at  El 
Capulin 


of  W.  G.  Kirk,  Head  of  the  Range  Cattle  Experiment  Station  at 
Ona,  and  returned  to  San  Jose  during  October.  At  Florida's  Range 
Cattle  Station  Carrillo  received  training  and  experience  in  experi- 
mental methods  directly  applicable  to  beef  cattle  management, 
breeding,  and  feeding,  as  well  as  pasture  development,  manage- 
ment, and  evaluation.  He  was  also  given  the  opportunity  to  become 
fully  familiar  with  the  operation  of  large  cattle  ranches  in  central 
and  southern  Florida.  On  his  return  to  Costa  Rica  he  assumed 
management  of  the  El  Capulin  Station,  located  on  the  Pacific  low- 
lands. 

Luis  A.  Villalobos,  MAI  swine  technician,  arrived  in  Gainesville 
on  February  16,  1959,  and  departed  from  Florida  on  April  2,  1959. 
His  training  consisted  of  reviewing  the  latest  recommended  prac- 
tices of  swine  breeding,  feeding,  and  management.  Upon  his  return 
he  applied  this  new  knowledge  to  improve  swine  in  Costa  Rica. 

In  March,  1959,  J.  Francisco  Montoya,  MAI  agricultural  econo- 
mist, arrived  for  a  four-week  assignment  to  plan  a  land-use  study 
for  the  Canton  of  Atenas.  He  received  training  in  sample  design, 
questionnaire  construction,  and  analytical  methods.  Upon  his  re- 
turn to  Costa  Rica,  the  Atenas  field  work  was  quickly  completed. 
Data  gathered  were  later  analyzed  under  the  guidance  of  L.  A. 
Reuss,  Contract  land-use  economist. 

In  February,  1960,  Gregorio  Alfaro,  STICA  agricultural  econo- 
mist, and  Luis  A.  Salas,  entomologist,  University  of  Costa  Rica, 
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arrived  at  the  University  of  Florida.  Alfaro's  assignment  was  to 
analyze  1959  potato  sales  data  for  the  San  Jose  market  and  to 
study  the  fundamentals  of  writing  a  research  bulletin.  His  work  was 
supervised  by  Florida's  R.  E.  L.  Greene,  agricultural  economist, 
who  in  1958  had  spent  two  months  investigating  potato  marketing 
in  Costa  Rica.  Subsequent  to  Alfaro's  return,  a  bulletin  was  pub- 
lished reporting  his  findings. 

Salas,  who  worked  closely  with  experiment  station  entomologist 
L.  C.  Kuitert  when  he  was  on  a  tour  of  duty  in  Costa  Rica  in  1956 
to  investigate  the  Mediterranean  fruit  fly,  devoted  much  attention 
to  nematodes.  In  1960  he  visited  Florida  to  observe  how  nematodes 
are  identified,  gathered,  and  preserved  for  future  study.  Shortly 
after  his  return,  Salas  was  named  Dean,  Faculty  of  Agronomy, 
University  of  Costa  Rica. 

The  final  participant  to  receive  training  in  Florida  under  the 
Contract  was  Guillermo  Iglesias,  a  plant  breeding  specialist  and 
Director  of  the  University  of  Costa  Rica  Experimental  Farm.  He 
remained  on  the  campus  for  six  weeks  to  observe  the  southern 
field  pea  experiments  conducted  by  A.  P.  Lorz  for  the  Florida 
Agricultural  Experiment  Station.  For  several  years  previously 
Iglesias  had  conducted  field  trials  on  numerous  bean  varieties  in 
the  hope  of  discovering  or  developing  one  or  more  varieties  par- 
ticularly adapted  to  Costa  Rican  conditions,  and  he  believes  there 
are  areas  in  Costa  Rica  particularly  suitable  for  southern  field  pea 
production.  His  ultimate  objective  is  to  utilize  his  Florida  experi- 
ence through  introduction  of  the  southern  pea  to  Costa  Rica. 

Laboratory  Analyses 

The  Contract  included  provision  for  a  limited  number  of  analy- 
ses of  agricultural  materials  in  University  of  Florida  laboratories 
for  which  facilities  were  not  available  within  the  Ministry. 

Materials  included  both  soil  and  leaf  samples  and  dealt  pri- 
marily with  problems  encountered  in  the  culture  of  coffee.  Com- 
plete analyses  of  soils,  made  at  the  University's  Citrus  Experiment 
Station,  revealed  some  unusually  low  percentages  of  exchangeable 
bases.  In  1957  Harold  Mowry  reported  that  field  tests  conducted 
after  receipt  of  these  reports  demonstrated  the  values  of  calcium 
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and  magnesium  soil  applications.  He  stated  that  the  use  of  these 
materials  is  now  widespread  and  that  their  deficiency  together  with 
that  of  some  of  the  minor  elements  is  now  known  to  be  the  pri- 
mary cause  of  the  long-present  cafe  macho,  a  plant  condition 
wherein  few  flowers  appeared  and  exceptionally  low  and  unprofit- 
able productivity  was  a  natural  consequence. 

In  the  laboratories  of  the  University's  Soils  Department  several 
analyses,  both  chemical  and  spectrograph^,  were  made  mainly 
for  determination  of  the  minor  elements.  These  analyses  have 
been  particularly  useful  in  the  minor-element  work  with  coffee, 
initiated  first  in  Costa  Rica  and  now  found  applicable  in  many  of 
the  world's  coffee-producing  regions. 

University  of  Florida  Technicians 

Costa  Rican  government  officials  and  others  who  are  aware  of 
the  nature  of  agriculture  realize  that  comprehensive  economic 
studies  are  necessary  for  national  planning  and  sustained  economic 
growth.  In  1955  the  Costa  Rican  Institute  of  Electricity  (ICE),  in 
cooperation  with  MAI,  embarked  upon  a  comprehensive  farm 
management  study.  The  services  of  D.  E.  Alleger  were  recruited 
to  assess  the  data  secured  from  this  study,  and  several  Costa  Rican 
publications  have  resulted  from  his  participation  in  the  project.  By 
host-government  request  Alleger  remained  in  Costa  Rica  for  many 
months  beyond  his  original  assignment  to  serve  as  a  consultant  to 
the  MAI  Office  of  Planning  and  Coordination  on  a  multiplicity  of 
problems  confronting  the  government  at  that  time. 

Largely  because  of  the  Costa  Rican  government's  awareness  of 
a  low-income  situation  in  the  Cuenca  Media,  attention  was  focused 
upon  sugar  cane,  its  leading  cash  crop,  and  one  for  which  protec- 
tive tariffs  and  price  regulations  are  employed  to  bolster  and  pro- 
tect local  production.  W.  K.  McPherson,  agricultural  economist, 
appraised  this  situation  and  indicated  that  a  shift  in  producing 
areas  is  actually  in  progress  and  will  doubtless  continue.  He  recom- 
mended ( 1 )  that  farm  reorganization  be  studied  to  take  advantage 
of  this  shift,  ( 2 )  that  research  on  sugar  cane  varieties,  fertilization, 
and  irrigation  be  intensified,  and  (3)  that  potential  markets  for 
sugar  cane  and  possibilities  for  a  sugar  refinery  be  explored. 
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As  a  group,  local  potato  farmers  had  also  long  been  beset  by  a 
multitude  of  production  and  marketing  problems.  The  Irish  potato 
industry  is  centered  mainly  upon  the  cool  slopes  of  Irazii  volcano, 
roughly  at  about  5,000  to  7,000  feet  above  sea  level.  In  1958 
R.  E.  L.  Greene,  marketing  specialist,  made  a  reconnaissance  survey 
of  this  industry.  It  seemed  to  him  that  such  factors  as  improved 
seed  at  reasonable  cost  and  control  of  diseases  were  essential  be- 
fore storage  and  marketing  of  potatoes  could  be  greatly  improved. 

As  a  relief  valve  for  heavily  populated  areas,  much  thought 
has  been  directed  toward  the  development  of  sparsely  settled  and 
unsettled  areas.  In  1959,  as  one  means  of  understanding  problems 
that  inevitably  follow  unrestricted  land  settlement,  the  MAI  em- 
barked upon  a  study  of  one  of  the  oldest  counties  in  Costa  Rica, 
the  Canton  of  Atenas.  The  study  encompassed  tenure,  size  of  farm, 
fragmentation  of  land  holdings,  farm  income,  and  use  of  resources, 
and  was  supervised  by  J.  Francisco  Montoya,  MAI  economist,  and 
assisted  by  Larry  A.  Reuss,  a  land-use  Contract  assignee.  Findings 
show  that  panellation  of  lands  has  consistently  taken  place  from 
generation  to  generation.  The  researchers  believe  that  a  continuance 
of  this  process  has  serious  implications  for  the  future  scale  and  effi- 
ciency of  the  agriculture  of  the  area. 

Costa  Rica  has  many  grasses  and  legumes,  but  grains  are  scarce 
and  pasture  management  in  general  can  be  greatly  improved.  One 
of  the  essentials  to  a  prosperous  livestock  industry,  both  beef  and 
dairy  cattle,  is  an  adequate  supply  of  feeds  throughout  the  full 
yearly  cycle.  The  MAI  and  STICA  cooperatively  developed  a 
strong  pasture  program  while  G.  B.  Killinger,  agronomist,  served 
as  an  adviser.  Its  objectives  were  ( 1 )  better  pasture  management, 

(2)  introduction  and  testing  of  superior  grasses  and  legumes,  and 

(3)  determination  of  liming  and  fertilization  practices  to  improve 
herbage  quality  and  carrying  capacities  of  pastures.  Forage  and 
pasture  nurseries  were  established  together  with  test  plots  for  in- 
troduction and  fertilizer  trials.  Through  the  Florida  Experiment 
Station  and  USDA  several  hundred  varieties  or  species  of  forage 
or  pasture  plants  were  brought  to  Costa  Rica  for  trial.  From  these 
trials  many  plant  introductions  have  proved  adaptable  and  their 
use  is  increasing. 
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Pasture  development  work  was  continued  by  the  Ministry,  and 
in  1958  W.  G.  Blue  arrived  in  Costa  Rica  to  help  design  and  con- 
duct pasture  investigational  studies  for  three  physiographic  areas. 
Fertilization  studies  with  pastures  yielded  valuable  data  for 
observation  and  laboratory  analysis.  Forage  yields  were  calculated 
and  protein  analyses  completed.  In  brief,  conclusions  drawn  from 
these  experiments  should  greatly  aid  livestock  growers  throughout 
the  country  in  the  management  of  their  pastures  and  grass  feeds. 

Production  of  beef  and  dairy  products  is  among  the  more  im- 
portant agricultural  enterprises,  and  the  country's  land  resources 
are  such  as  to  permit  great  expansion.  At  three  experiment  sta- 
tions the  aims,  in  respect  to  the  cattle  industry,  are  for  higher 
production  and  upbreeding  of  herds  through  breeding,  better 
management  practices,  and  improvement  of  feeds  and  pasturage. 
In  1959  W.  G.  Kirk  visited  Costa  Rica  officially  for  the  third  time. 
During  an  earlier  visit  he  had  prepared  nine  project  outlines  in 
cooperation  with  MAI,  STICA,  and  Food  and  Agriculture  Organiza- 
tion of  the  United  Nations  (FAO)  technicians  at  either  El  Alto  or 
El  Capulin  or  both.  They  dealt  largely  with  pasture  management, 
feeds,  and  feeding.  In  1959  he  returned  to  evaluate  the  progress  of 
the  beef  cattle  industry  and  to  judge  cattle  at  the  Guanacaste  Live- 
stock Exposition,  the  3rd  Gran  Exposition  de  Ganado  de  Bajura. 
He  found  that  the  cattle  showed  a  marked  improvement  over  1956, 
which  indicated  an  affirmative  response  to  upbreeding  and  better 
herd  and  pasture  management. 

Costa  Rica's  dairy  industry  is  probably  without  par  in  Central 
America.  The  Ministry  maintains  herd  improvement  testing,  and 
conducts  an  outstanding  artificial  insemination  program.  That  man- 
agement and  feeds  apparently  are  the  factors  most  subject  to 
improvement  is  illustrated  by  the  low  milk  production  indicated 
by  census  data.  In  1956  S.  P.  Marshall  conducted  a  survey  of  dairy 
herd  management  and  found  strong  evidence  of  deficiencies  of 
both  calcium  and  phosphorus  in  some  herds.  A  report  prepared 
by  Marshall  at  the  completion  of  his  assignment  was  widely  dis- 
tributed among  dairymen  by  the  Ministry.  Prior  to  his  departure 
from  Costa  Rica  over  100  dairymen,  at  the  Ministry's  invitation, 
met  at  the  El  Alto  Station  to  hear  Marshall's  assessment  of  their 
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problems  and  his  recommendations  on  ways  and  means  of  over- 
coming them. 

Because  of  their  economic  importance,  effective  parasite  and 
disease  controls  are  essential  to  the  maintenance  and  normal  ex- 
pansion of  the  livestock  and  poultry  industries.  The  Ministry's 
Veterinary  Department  is  well  equipped  and  has  an  exceptionally 
competent  staff  of  doctors  of  veterinary  medicine.  Its  functions  and 
responsibilities  are  quite  broad.  They  include  formulation,  estab- 
lishment, and  enforcement  of  sanitary  regulations,  together  with 
those  having  to  do  with  control  of  diseases  of  animals  and  poultry. 
This  Department  also  acts  as  a  service  agency  in  disease  diagnosis 
and  treatment.  Late  in  1955  D.  A.  Sanders  visited  Costa  Rica  to 
review  the  disease  and  parasite  situation.  He  prepared  several 
detailed  project  outlines  to  cover  research  regarding  Newcastle 
disease  of  poultry  and  internal  parasites,  infectious  bovine  masti- 
tis, and  hemorrhagic  septicemia  of  cattle.  As  a  follow-up,  an  MAI 
veterinarian  received  six  months'  guidance  at  the  University  of 
Florida's  Veterinary  Laboratories. 

According  to  the  observations  of  Ralph  W.  Kidder,  who  was 
in  Costa  Rica  in  1959,  deficiencies  or  toxicities  from  trace  elements 
can  be  considered  as  causes  of  a  type  of  ill  health  or  disease  among 
cattle.  He  states,  for  example,  that  a  deficiency  of  magnesium  in 
the  forage  may  be  a  factor  contributing  to  grass  tetany,  which  is 
associated  with  a  low  content  of  magnesium  in  the  blood.  In  1953, 
before  the  Florida  Contract  was  developed,  George  K.  Davis,  a 
Florida  animal  nutritionist,  had  visited  Costa  Rica  at  the  invitation 
of  the  MAI.  The  40  forage  samples  he  collected  there  and  subse- 
quently analyzed  at  Gainesville  proved  to  be  low  in  magnesium — 
approximately  a  tenth  of  normal.  His  investigations  were  invaluable 
in  respect  to  the  mineral  content  of  Costa  Rican  forages,  and  both 
he  and  Kidder,  who  followed  him,  believed  experiments  should  be 
developed  to  demonstrate  good  mineral  mixtures  for  cattle  feed. 

Dairy  producers  are  confronted  with  a  relatively  heavy  produc- 
tion of  milk  in  the  "wet  season"  and  a  lessening  of  production  dur- 
ing the  "dry  season."  The  Dos  Pinos  Milk  Cooperative,  in  order  to 
maximize  the  use  of  milk  produced,  became  a  manufacturer  of  dairy 
products.    In    1957,   in   response   to   the   request   for   advisory   as- 
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sistance  in  plant  and  dairy  improvement  and  operation,  W.  A. 
Krienke  spent  about  six  weeks  in  Costa  Rica.  His  observations  in- 
cluded an  appraisal  of  dairy  manufacturing  conditions  and  opera- 
tions, a  survey  of  outlying  areas  as  potential  locations  for  cheese 
manufacturing,  the  causes  of  a  seasonal  subnormal  butterfat  content 
of  milk,  and  inspection  of  market  milk  and  ice  cream  plants.  He 
reported  that  good  leadership  in  the  dairy  industry  had  already 
brought  about  considerable  advancement  but  that  as  the  dairy  in- 
dustry grows,  the  need  for  properly  trained  technicians  and  workers 
will  rise.  He  outlined  12  specific  points  for  the  dairy  industry  to 
consider  in  laying  the  groundwork  for  future  growth. 

About  a  year  later  the  Dos  Pinos  plant  was  enlarged  and  rede- 
signed for  the  manufacture  of  cheese.  H.  H.  Wilkowske,  a  cheese 
manufacturing  specialist,  arrived  before  the  cheese-making  equip- 
ment was  fully  installed.  Visiting  both  farm  and  small  commercial 
cheese  manufacturers  to  acquaint  himself  with  the  national  situation 
and  possibilities,  he  found  that  the  typical  "white"  cheese  sold  by 
farmers  was  quite  popular  in  Costa  Rica,  but  that  it  was  made  with 
antiquated  methods  and  equipment.  One  of  the  impediments  to  a 
successful  commercial  yellow  cheese  enterprise  in  Costa  Rica,  as  he 
viewed  it,  was  the  relatively  high  cost  of  manufacturing  milk.  At 
the  time  of  his  departure  from  Costa  Rica  the  "first  run"  of  yellow 
cheese  had  not  yet  been  made  and  many  technical  problems  were 
still  to  be  resolved. 

The  initial  research  on  nutritional  phases  of  coffee,  inaugurated 
in  Costa  Rica  in  1950,  had  been  ably  supervised  by  the  late  Harold 
Mowry  when  with  ICA.  He  and  his  co-workers  had  obtained  signif- 
icant and  widely  accepted  results  through  the  use  of  chemical 
fertilizers  as  well  as  of  lime  under  some  conditions.  However,  be- 
cause of  the  complexity  of  nutritional  problems,  MAI  and  STICA 
deemed  it  advisable  in  1956  to  secure  the  services  of  a  technician, 
skilled  in  plant  nutritional  investigations,  to  assess  the  work  in 
progress  and  suggest  ways  to  improve  it.  I.  W.  Wander,  then  with 
the  Florida  Agricultural  Experiment  Station  and  a  specialist  in  the 
nutritional  problems  of  citrus,  was  invited  to  Costa  Rica  to  observe 
coffee  trees  on  farms.  Wander  visited  many  coffee  farms  in  different 
areas,    and   his   recommendations   were   of   marked   usefulness,   as 
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Mowry  reported,  especially  with  regard  to  experiments  and  their 
design  which  permitted  evaluation  of  the  comparative  effectiveness 
and  worth  of  different  sources  of  major  and  secondary  elements. 
Wander  also  outlined  paralleling  leaf  or  foliage  analysis,  made  some 
suggestions  in  respect  to  soils  investigations,  and,  with  G.  M.  Volk, 
soils  chemist,  helped  plan  the  equipping  of  a  soils  laboratory  to  be 
erected  on  the  campus  of  the  University  of  Costa  Rica. 

Volk  and  Wander  arrived  at  an  opportune  time  to  lend  valuable 
help  in  the  interior  planning  of  the  modernly  designed  laboratory. 
It  was  Volk's  role  to  spearhead  its  development.  Although  much 
had  been  accomplished  in  previous  laboratory  investigations,  be- 
cause of  the  totally  inadequate  MAI-STICA  laboratory  facilities  and 
the  lack  of  experience  in  some  of  the  needed  lines  of  investigation, 
laboratory   investigations  had   been   making   slow   progress. 

After  operations  were  transferred  to  the  new  laboratory  made 
possible  by  STICA,  Volk's  efforts  were  directed  toward  assisting 
in  the  initiation  and  conduct  of  soils  and  other  laboratory  investi- 
gations which,  in  a  great  measure,  were  tied  into  field  fertility  ex- 
periments in  agronomy  and  horticulture.  His  major  contribution 
was  the  introduction  of  laboratory  techniques  and  methods  and  the 
training  of  laboratory  personnel  to  conduct  fertility  investigations. 

Less  than  a  year  after  Volk's  departure,  A.  E.  Kretschmer,  Jr., 
went  to  Costa  Rica  to  continue  and  extend  the  laboratory  advisory 
work  started  by  Volk.  Throughout  his  stay  numerous  laboratory 
experiments  progressed,  mostly  in  connection  with  coffee  nutrition 
and  fertilization.  These  experiments  clearly  showed  patterns  of 
deficiency  symptoms  of  elements  as  they  appeared  in  coffee  plants; 
they  helped  establish  feasible  fertilizer  recommendations  and  ini- 
tiated methods  of  soil  and  plant  analyses  that  aid  in  predicting  the 
fertilizer  needs  of  plants.  Many  Costa  Ricans  were  deeply  impressed 
by  the  work  accomplished  by  the  laboratory  personnel,  and  a  series 
of  publications  have  presented  laboratory  findings  to  the  public. 

Most  Contract  assignments  were  complementary  to  others.  Two, 
however,  were  rather  distinct  in  that  they  dealt  with  virus  diseases 
of  plants  and  the  Mediterranean  fruit  fly. 

Several  important  commercial  crops  of  Costa  Rica  are  attacked 
by  virus  diseases.  Little  was  known  locally  about  them  in  1956 
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when  M.  K.  Corbett,  plant  pathologist,  served  a  short  assignment 
to  offer  training  to  MAI  technologists  in  this  specialized  field.  Cor- 
bett prepared  and  gave  a  series  of  lectures  in  the  use  of  techniques 
involved  in  the  study  of  plant  viruses.  These  included  symptoma- 
tology, methods  of  transmission,  relations  of  viruses  and  their 
vectors,  virus  strains,  serological  relations  of  plant  viruses,  virus 
diseases,  and  origins  of  viruses.  These  topics  as  presented  enabled 
the  study,  at  an  elementary  level,  of  a  virus  disease  regardless  of 
the  species  of  plant  from  which  the  virus  might  be  obtained.  To 
complement  this  series  of  lectures,  laboratory  demonstrations  were 
conducted  with  several  types  of  viruses  from  local  crop  plants. 

The  Mediterranean  fruit  fly  (Ceratitis  capitata),  perhaps  the 
world's  worst  fruit  pest,  is  widely  distributed  in  tropical  and  semi- 
tropical  regions,  but  until  the  time  of  its  discovery  in  Costa  Rica 
in  1955  it  was  not  known  to  be  present  on  the  North  American 
continent.  In  1956  cooperative  investigations  were  conducted  by 
Luis  Salas  and  L.  C.  Kuitert,  entomologists  of  the  University  of 
Costa  Rica  and  University  of  Florida,  respectively.  Investigations 
included  experiments  with  lures,  poison  baits,  trapping  to  deter- 
mine effectiveness  of  control  sprays,  and  distribution  of  the  fly  in 
the  country,  as  well  as  a  comprehensive  program  of  spraying  to 
determine  not  only  the  most  effective  sprays  but  also  concentrations 
and  timing  applications.  Investigations  revealed  that  the  fly  popula- 
tion builds  up  rapidly  during  the  dry  season  and  then  materially 
decreases  with  the  progress  of  the  period  of  heavy  rains.  The 
preliminary  finding  of  Kuitert  and  Salas  produced  information 
essential  for  an  eradication  attempt.  Unfortunately,  however,  ade- 
quate resources  were  not  available  for  an  all-out  eradication  pro- 
gram, and  the  fly  slowly  widened  its  habitat. 

Contract  Reports 

At  the  conclusion  of  his  assignment,  each  Contract  technician 
prepared  a  complete  report  of  his  activities.  These  reports,  pre- 
sented in  considerable  detail  by  the  individual  authors  in  the  chap- 
ters which  follow,  cover  the  various  fields  of  aid — agricultural 
economics,  agronomy,  animal  husbandry,  animal  diseases  and  para- 
sites, animal  nutrition,  dairy  manufacturing,  soils,  plant  pathology, 
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and  entomology.  In  the  preparation  of  this  symposium  no  thought 
has  been  entertained  of  detracting  from  or  minimizing  the  attain- 
ments of  STICA,  MAI,  and  the  other  cooperating  organizations  or 
institutions;  rather  the  purpose  has  been  to  amplify  these  joint 
accomplishments  in  order  that  this  historical  documentation  may 
serve  as  tangible  evidence  of  a  successful  cooperative  effort  toward 
better  international  relationship. 

Contract  Relationships 

Without  exception,  University  assignees  readily  adjusted  to  their 
foreign  posts  despite  the  fact  that  customs,  traditions,  and  govern- 
mental processes  were  somewhat  alien  to  their  North  American 
customs.  Throughout  the  Contract  period  their  advice,  assistance, 
and  suggestions  were  well  received  by  the  Costa  Rican  technicians, 
and  the  morale  of  both  groups  remained  high,  with  no  instance  of 
friction  or  of  apathy  toward  the  work  and  efforts  of  the  assignees. 
The  feeling  of  mutual  respect  and  confidence  which  contributed  to 
this  very  favorable  working  relationship,  however,  was  due  not 
only  to  the  efforts  of  Contract  and  Costa  Rican  technicians  but  also 
in  great  measure  to  the  cooperative  and  helpful  spirit  evinced 
throughout  by  the  administrative  officials  of  the  MAI,  STICA, 
USOM,  and  the  University  of  Florida. 

Very  satisfactory  relationships  also  existed  between  the  assignees 
and  the  faculty  of  the  local  College  of  Agriculture  and  the  repre- 
sentatives of  the  international  organizations  FOA  and  Organismo 
Internacional  Regional  de  Sanidad  Agropecuaria.  The  Turrialba 
Inter-American  Institute  of  Agricultural  Sciences  also  generously 
extended  its  facilities  and  cooperation  to  aid  in  the  successful  com- 
pletion of  the  Contract. 

Recognition  of  Contract  Services 

From  time  to  time  during  the  Contract's  existence  the  admin- 
istrators at  the  University  of  Florida  received  letters  of  apprecia- 
tion from  the  MAI  for  the  Contract  and  its  staff  members.  An 
excerpt  from  one  such  letter  follows: 

The  influence  which  the  personnel  of  the  University  of  Florida  has 
exercised  on  our  work  programs  is  tremendous.  In  short,  all  the  techni- 
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cians  who  have  come  to  the  country  have  been  persons  with  a  vast 
amount  of  knowledge  and  a  surprising  ability  for  adaptation,  having 
gained  the  confidence  not  only  of  their  co-workers  but  also  of  the 
farmers  and  cattlemen  who  often  ask  if  such-and-such  a  technician  is 
still  in  the  country. 

The  University  of  Florida  is  proud  of  a  trophy  presented  to  it 
in  1957  by  Romano  Orlich,  Head,  Department  of  Animal  Hus- 
bandry, in  the  name  of  the  El  Alto  Experiment  Station.  This  tro- 
phy, now  on  display  in  McCarty  Hall,  has  an  attached  plate  which 
bears  the  names  of  all  assignees  who  had  served  tours  of  duty  in 
Costa  Rica  up  to  that  time.  On  a  more  personal  note,  W.  A. 
Krienke  was  presented  a  medal  by  the  Dos  Pinos  Milk  Cooperative 
at  the  completion  of  his  assignment  as  a  token  of  appreciation  for 
his  assistance  to  the  dairy  products  industry. 

Perhaps  no  North  American  agriculturist  ever  won  the  hearts  of 
the  "Ticos"  as  did  the  late  Harold  Mowry,  the  Contract's  first  Chief 
of  Party,  who  through  ICA  devoted  over  half  a  decade  toward  the 
advancement  of  Costa  Rican  agriculture.  His  sincerity  and  un- 
qualified dedication  to  his  assignment  and  to  the  Contract  earned 
him  the  praise  of  all  who  knew  him.  Early  in  1958  his  friends  and 
co-workers  were  deeply  saddened  by  an  illness  which  forced  him 
to  lay  aside  a  long  life  of  duty  and  service.  As  a  token  of  appre- 
ciation the  technicians  of  the  MAI  and  STICA  jointly  presented 
him  with  a  gold  medal,  and  with  it  his  friends  and  admirers  ten- 
dered him  a  signed  scroll  which  included  among  the  many  other 
names  those  of  three  former  Ministers  of  Agriculture  and  Industry. 
For  such  tokens  of  esteem  the  University  will  be  forever  grateful, 
and  in  return  it  thanks  ICA  for  providing  it  with  an  opportunity  to 
serve  Costa  Rica  for  a  brief  span  in  history. 
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University  of  Florida,  was  the  first  to  serve  in  this  capacity. 
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Agricultural  Economics 

osta  Rica  faces  a  formidable  task  in  its  efforts  to 
'maintain  consistent  economic  growth.  As  of  1950, 
when  the  last  general  census  was  taken,  the  nation's  36,500  resi- 
dent and  6,600  absentee  farm  operators  produced  a  gross  national 
agricultural  output  of  $605  million,  which  approximated  47  per 
cent  of  the  gross  national  product.  This  sum  excluded  income  from 
forestry  and  forestry  products.  By  the  end  of  1956  the  global  value 
of  agricultural  production  was  estimated  at  $674  million,  an  in- 
crease of  11.4  per  cent  over  that  of  1950.1  For  the  same  six-year 
period  the  Costa  Rican  population  rose  by  25  per  cent,  and,  accord- 
ing to  estimates,  it  continues  to  rise  by  over  4  per  cent  annually. 

The  Economic  Setting 

In  1955  the  MAI,  ICE,  and  several  other  national  agencies  initi- 
ated well-planned  agricultural  economic  research.  Invited  in  1956 
to  participate  in  an  advisory  capacity,  the  writer  continued  for 
nearly  four  years  as  agricultural  economic  consultant  to  the  MAI 
Office  of  Planning  and  Coordination,  which  was  ably  staffed  by 
Alvaro  Rojas  E.,  its  head,  J.  Francisco  Montoya,  in  charge  of 
economic  studies,  and  their  co-workers.  Throughout  this  period  a 
number  of  other  national  agencies  were  interested  in,  and  dealt 
with,  agricultural  economic  data.  Among  its  other  duties  the  Banco 
Central  de  Costa  Rica  calculated  the  gross  national  product,  in 
which  abundant  use  was  made  of  agricultural  statistics.  A  com- 
modity purchasing  and  price  regulatory  body,  called  the  Consejo 
Nacional  de  Produccion,  compiled  a  great  many  agricultural  facts 
and  figures  needed  for  its  operations.  The  MAI  Office  of  Planning 
and  Coordination,  as  previously  mentioned,  had  a  section  devoted 
to  economic  investigations.  Two  educational  institutions,  the  Uni- 
versity of  Costa  Rica  and  the  Turrialba  Inter-American  Institute  of 
Agricultural  Sciences,  supported  teaching  and/or  research  interests 
in  agricultural  economics.  STICA/Costa  Rica,  of  the  ICA,  had 
several  host-country  agricultural  economists  on  its  payroll,  as  had 
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several  other  international  and  local  organizations.  Individually  or 
collectively  their  activities,  and  in  some  degree  those  of  the  writer, 
encompassed  many  facets  of  the  nation's  economy,  some  of  which 
are  described  briefly  on  the  following  pages.  Others  are  reviewed 
elsewhere  in  the  symposium. 

Fertility  and  Man-Land  Ratios 

In  studying  the  balance  of  population  in  relation  to  national  or 
regional  economic  resources,  consideration  must  be  given  to  natural 
resources,  to  present  and  potential  economic  development,  and  to 
how  these  factors  fit  into  a  broad  developmental  plan.  At  present 
Costa  Rica  gears  its  economy  to  exportable  agricultural  products, 
coffee  and  bananas,  chiefly,  although  its  leaders  are  seeking  ways 
and  means  to  lessen  dependence  upon  a  dual  crop  economy.  More- 
over, the  nation  probably  possesses  untouched  economic  potentials 
in  its  sparsely  settled  areas,  whose  nature  and  extent  only  time  can 
reveal. 

Taken  as  a  whole,  Costa  Rica  cannot  be  said  to  be  overpopulated, 
but  in  the  highlands  signs  of  man-land  pressures  are  evident.  From 
the  time  of  the  first  population  census  until  the  last,  that  is,  from 
1864  until  1950,  Costa  Rica's  population  increased  without  appar- 
ent abatement.  The  ratio  of  the  number  of  children  under  5  per 
1,000  women  from  15  to  44  rose  by  nearly  9  per  cent  during  this 
period  to  a  fertility  ratio  of  739  (Table  1).  In  1950  the  ratio  of  the 
urban  population  was  543  as  against  866  for  rural  areas.2 


TABLE  1. — Fertility  Ratios  Based  on  the  Number  of  Children  Under  5  per 

1,000  Women  15-44  Years  of  Age  for  Costa  Rica 

1864,  1883,  1892,  1927,  and  1950 


Number  of 

Number  of 

Year 

Children  Under 

Women 

Fertility 

5  Years 

15-44  Years 

Ratios 

1864 

19,838 

29,207 

679 

1883 

29,733 

42,704 

696 

1892 

38,759 

56,733 

683 

1927 

73,686 

107,181 

687 

1950 

132,635 

179,412 

739 

Calculated  from  data  in  Censo  de  Poblacion  de  Costa  Rica,  1950,  pp.  14  and  19. 
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Today  the  need  for  the  expansion  of  agricultural  production  is 
evident  in  view  of  a  rapidly  growing  population.  In  1950  one 
economically  active  and  two  inactive  rural  residents  were  reported 
for  each  3.1  acres  of  arable  land.  The  range  in  man-land  ratios  was 
from  a  fraction  of  an  arable  acre  in  Heredia  Province  to  7.2  acres 
in  Guanacaste  Province.  Since  the  country  is  dominated  by  agri- 
culture and  high  birth  rates  it  is  possible  for  a  situation  to  result 
in  which  technological  advances  in  agriculture  are  actually  thereby 
retarded.  Too  many  people  in  the  labor  force  may  mean  too  much 
reliance  upon  hand  labor  and  too  little  upon  labor-saving  devices. 

Productivity 

Measurements  of  productivity  of  farm  workers  shed  light  on 
differences  in  agricultural  opportunity  between  provinces,  assum- 
ing productivity  is  a  measure  of  opportunity.  In  the  two  tropical 
export  crop  provinces  of  Limon  and  Puntarenas,  the  1950  esti- 
mated annual  compensation  paid  to  workers  and  employees  en- 
gaged in  agriculture  was  highest,  or  over  $300.  It  was  lowest, 
or  $165,  in  Guanacaste  Province,  known  as  the  extensive  livestock 
region.  Annual  payments  to  farm  workers  in  the  coffee  areas  ap- 
proximated $200  per  year,  but  it  should  be  understood  that  some 
farm  work,  such  as  coffee  picking,  is  of  a  seasonal  character.  Yet 
in  every  province,  the  average  annual  earnings  of  farm  workers 
were  too  low  to  permit  savings  sufficient  for  capital  accumulation. 

Another  measure  of  productivity  is  the  gross  value  of  agricul- 
tural products  per  year  per  agricultural  worker.  For  the  nation  as 
a  whole,  the  average  gross  value  of  production  per  worker  in  1950 
was  $628,  and  ranged  from  $377  in  Guanacaste  Province  to  $1,214 
in  Puntarenas  (Table  2). 

Hand  labor  is  the  principal  source  of  work  power  employed  on 
Costa  Rican  farms  (Table  3).  This  results  in  a  low  average  pro- 
ductivity per  unit  of  labor.  However,  it  should  be  noted  that  farms 
operated  by  mechanical  power  only  rose  from  232  to  784  between 
1950  and  1955,  and  with  a  combination  of  animal  and  mechanical 
power  from  220  to  653,  according  to  Census  reports. 
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TABLE  2. — Average    Gross  Value   of   Agricultural   Products   per  Year   per 
Agricultural  Worker,  by  Provinces,  Costa  Rica,  1950 

Area  Value  per  Worker 

Costa  Rica  4,161  $    628 

Puntarenas  8,050  1,214 

Heredia  6,326  954 

Limon  5,930  894 

Cartago  3,953  596 

Alajuela  3,186  481 

San  Jose  2,880  434 

Guanacaste  2,500  377 

Source:  Banco  Central  de  Costa  Rica,  Ingreso  y  Producto  Nacionales  de  Costa 
Rica,  1950,  Table  48,  p.  103. 


TABLE  3.- 

-Type 

OF 

Work  Power  Used  on  Farms, 

Costa  Rica, 

1955 

Work  Power 

Used 

Distribution 

number 

PER  CENT 

Hand  labor  only  38,922  82.3 

Animal  power  6,927  14.6 

Mechanical  power  784  1.7 

Animal  and  mechanical  power  653  1.4 

Total  47,286  100.0 

Source:  Censo  Agropecuario,  1955,  p.  340. 

Food  Consumption 

The  average  per  capita  disposable  income  in  1950  approximated 
$1,300  ($196  USA).  Since  this  average  included  large  incomes 
realized  by  a  small  segment  of  the  population,  the  average  dispos- 
able income  of  the  laborer  was  still  less.  Hence,  the  bulk  of  the  con- 
sumers could  not  buy  those  products  (Table  4)  which  would  greatly 

TABLE  4. — Estimated  Hours  of  Labor  Required  to  Purchase  Selected  Food 

Items,  Costa  Rica,  1957* 

Hours  of  Labor 
Item U^ Required 

Butter  1  lb.  4.7 

Coffee  1  lb.  4.0 

Eggs  1  doz.  4.0 

Beef  (steak)  1  lb.  3.0 

Sugar  5  lbs.  2.7 

Milk  1  qt.  1.0 

Rice  1  lb.  0.8 

Beans  1  lb.  0.8 

*Based  on  Costa  Rica's  labor  code  of  $1.00  ($0.15  USA)  per  hour  for  com- 
mon labor  and  on  estimated  food  prices  in  Costa  Rica,  1957. 
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stimulate   production   and   raise   the   over-all  value  of  agricultural 
income.3 

This  example  highlights  the  fact  that  an  economic  paradox  is 
created  by  underconsumption  and  high  prices.  Low-income  people 
generally  consume  only  cheap  energy  foods.  These  foods  consist 
principally  of  cereals,  potatoes,  and  other  plant  foods  rather  than 
meat  and  animal  products.  It  has  been  determined  that  as  per  capita 
purchasing  power  increases  people  eat  more  animal  products  and 
less  plant  food.  In  total  consumption  they  eat  no  more,  but  the 
kinds  and  quality  of  the  products  consumed  are  very  different.4 
Changes  in  eating  habits  by  Costa  Ricans  could  set  the  stage  for 
shifts  in  the  use  of  agricultural  resources  as,  for  example,  away 
from  corn  for  human  consumption  to  corn  as  feed  for  livestock  and 
poultry,  changes  which  would  register  improvements  in  living 
standards. 

Level  of  Living 

The  concept  of  level  of  living  refers  to  goods,  services,  and  op- 
portunities. It  consists  of  material  possessions  that  people  have, 
of  economic  opportunities  available  to  them  (employment  which 
reflects  income),  and  of  goods  and  services  they  use  and  consume. 
As  such  it  is  diagnostic  of  real  income  or  of  money  available  for 
consumption.  Level  of  living,  as  used  herein,  is  based  on  a  national 
average  of  100  as  measured  by  several  variables  (Table  5).  That 

TABLE  5. — Average  Index  of  Level  of  Living  by  Provinces,  Costa  Rica,  1950* 

Province  Index 

Costa  Rica 100 

San  Jose 146 

Limon 135 

Puntarenas 102 

Heredia 86 

Cartago 77 

Alajuela 56 

Guanacaste 41 

*  Calculated  from  data  in  the  1950  Censo  de  Poblacion  and  1954  Censo  Urbano 
de  Edificios  y  Viviendas.  The  index  was  based  on  four  variables  measured  in  rela- 
tion to  the  total  population  in  each  province.  They  were  (1)  number  in  the 
economically  active  population,  (2)  number  of  private  family  dwellings,  (3)  num- 
ber of  homes  with  electric  services,  and  (4)  number  of  homes  connected  with 
either  sewers  or  septic  tanks. 
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it  reflects  by  comparison  the  average  well-being  of  all  families  in 
each  of  the  seven  provinces  against  the  national  average  does  not 
indicate,  however,  that  all  families  in  a  low-level-of-income  prov- 
ince are  equally  poor.  As  a  matter  of  fact,  the  distinction  between 
rich  and  poor  may  be  more  sharply  marked  in  provinces  with  low- 
level-of-living  scores  than  in  those  with  high  scores. 

When  level-of-living  scores  were  correlated  with  fertility  ratios 
or  productivity  measures  their  interrelationships  were  pronounced. 
For  example,  Guanacaste  Province  had  the  lowest  level-of-living 
score,  its  fertility  ratio  was  among  the  highest,  and  its  per  capita 
agricultural  productivity  was  the  lowest.  When  various  diagnostic 
data  for  Costa  Rica  were  compared  in  this  fashion  it  became  evi- 
dent that  the  nation's  internal  economic  problems  and  the  solu- 
tions for  them  were  differential. 

Autonomous  Organizations 

In  recent  years  Costa  Rica  has  created  numerous  semigovern- 
mental  autonomous  organizations  to  regulate  and  control  many 
segments  of  national  life.  The  government  is  now  directly  involved 
in  activities  such  as  the  generation  of  electricity,  the  operation  of 
a  railroad,  banking  institutions,  home  financing,  social  security, 
commodity  purchasing,  and  price  control,  among  others.  Collec- 
tively the  autonomous  institutions  exercise  powerful  regulatory 
forces  over  the  lives  of  all  Costa  Ricans.  There  is  no  question  but 
that  individuals  have  thereby  yielded  to  the  state  a  considerable 
measure  of  their  economic  freedom  in  the  interests  of  the  general 
welfare,  but  popular  sentiment  upholds  this  institutional  arrange- 
ment. 

Economic  Growth 

If  the  population  and  productivity  data  previously  presented 
appear  pessimistic,  it  is  only  because  they  indicate  the  magnitude 
and  nature  of  the  economic  problems  facing  one  small  nation,  and 
it  is  for  this  purpose  only  that  they  were  given.  As  a  matter  of 
fact,  economic  progress  in  Costa  Rica  is  a  dynamic  and  observable 
phenomenon.  There  is  no  need  to  resort  to  statistics  to  appreciate 
it.  It  is  evident  on  farms  where  tractors  rumble  over  broad  fields 
from  before  sunup  until  after  the  darkness  of  evening.  It  is  experi- 
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enced  by  untold  low-income  farm  families  who  enjoy  running  water, 
piped  to  their  homes  at  government  expense.  It  is  dramatic  in  the 
capital  city  of  San  Jose  where  European  and  American  automobiles 
and  motorscooters  vie  in  congested  traffic  with  bicycles  and  pedes- 
trians for  highway  space.  It  is  registered  in  smiles  of  contentment 
on  the  faces  of  residents  of  all  social  classes.  The  most  significant 
factor  is  that  virtually  all  this  economic  uplift  has  its  origin  either 
directly  or  indirectly  in  agriculture. 

Statistics  are  very  helpful  in  documenting  what  the  eye  can  see. 
In  1955  around  12  per  cent  of  the  farmers  applied  commercial 
fertilizer  to  over  150,000  acres  of  farmland,  which  indicates  that 
many  farmers  are  actually  following  the  recommendations  of  spe- 
cialists. From  1950  to  1956  the  global  value  of  agricultural  and 
forestry  production  rose  by  nearly  $13  million  USA.  This  gain  took 
place  as  the  value  of  the  banana  crop  dropped  from  $196  to  $135 
million,  or  by  $61  million.  This  loss  was  offset  by  large  gains  in 
the  livestock  industry,  from  coffee,  from  crops  produced  for  national 
consumption,  and  from  forestry  products.  Increased  agricultural 
production  is  not  the  only  indicator  of  growth.  Costa  Rican  techni- 
cians planned,  engineered,  and  financed  a  new  hydroelectric  plant, 
called  La  Garita,  which  became  operational  in  1958.  Between  1955 
and  1960  the  number  of  persons  or  companies  handling  agricul- 
tural products,  vehicles  and  accessories,  machinery,  hardware,  and 
pharmaceutical  supplies  continued  to  rise.  Income  from  furniture, 
shoe,  and  textile  manufacturing  also  increased  considerably.  San 
Jose  is  constantly  leveling  old  landmarks  to  make  way  for  the  new 
and  modern.  New  motion  picture  theatres  together  with  the  older 
establishments  enjoy  a  heavy  patronage.  In  spite  of  these  visual 
signs  of  prosperity,  some  citizens  fear  that  rapid  increases  in  the 
national  population  will  eventually  add  new  increments  to  the 
labor  force  faster  than  they  can  be  absorbed,  thus  mitigating  the 
present  prosperity.  Others  view  prosperity  as  a  continuing  and 
expanding  fact,  in  which  population  increases  play  no  small  part. 

The  1950  Census  (Censo  de  Poblacion)  reported  a  national 
population  of  800,875,  which  was  estimated  to  have  grown  to 
1,135,000  by  February,  1960.  In  view  of  rapid  increases  in  popula- 
tion— between  4  per  cent  and  5  per  cent  annually5 — and  the  limita- 
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tion  of  arable  land  in  settled  areas,  dispersion  of  some  of  the 
highlands  population  to  underdeveloped  areas  is  considered  on 
the  highest  planning  levels.  Still  some  thousands  of  people  have 
anticipated  the  government  and  have  "squatted"  on  open  virgin 
lands.  In  settled  farm  areas,  others  are  accepting  technological  in- 
novations in  efforts  to  boost  per-acre  production.  Fertilization  of 
selected  crops  is  now  commonplace,  the  use  of  insecticides,  herbi- 
cides, and  disease  control  materials  is  spreading,  and  many  farm- 
ers are  importing  registered  beef  and  dairy  cattle  to  upbreed  their 
herds. 

The  Rural  Economy 

The  country  is  characterized  by  steep  mountains,  deep  valleys, 
swift-running  streams,  and  several  distinct  climatic  zones.  Nearly 
two-thirds  of  the  population  live  in  the  cool  highlands,  and  the  rest 
are  scattered  throughout  the  Atlantic  and  Pacific  tropical  zones.  It 
is  a  nation  of  small  landowners  who  take  deep  pride  in  their 
educational  attainments  and  in  their  freedom  of  spirit.  In  1950 
approximately  55  per  cent  of  the  economically  active  population 
was  employed  in  agriculture  and  related  activities,  and  68  per  cent 
of  the  43,086  farms  enumerated  were  under  50  acres  in  size.  On 
the  upper  extreme,  for  40  farms  the  average  size  was  more  than 
6,000  acres,  and  for  23  large  farms,  approximately  30,000  acres. 

A  large  percentage  of  the  highland  areas  is  covered  by  deep 
layers  of  highly  productive  volcanic  soils.  The  high  mountain 
slopes  support  one  of  the  best  dairy  production  centers  in  Central 
America.  A  vast  variety  of  crops  and  fruits  can  be  grown  through- 
out the  country  because  of  climates  which  range  from  cool  to  hot 
tropical.  Rainfall  is  adequate  in  the  highlands,  overabundant  on 
the  Atlantic  lowlands,  and  totally  lacking  for  six  months  out  of  the 
year  in  the  Pacific  zone,  but  ample  the  rest  of  the  time.  The  rug- 
gedness  of  the  country  presents  formidable  obstacles  to  transporta- 
tion and  communication,  and  thereby  restricts  the  assembly  and 
marketing  of  farm  crops  from  some  areas.  Approximately  75  per 
cent  of  the  farmers  market  their  farm  products  on  foot,  by  beast,  or 
by  oxcart.  Some  areas,  however,  which  are  now  difficult  of  access 
hold  great  promise  for  the  future. 


Ancient  methods  of 

transportation  join 

with  modern  to  open 

remote  areas  to 
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Agricultural  Production 

The  total  value  of  Costa  Rica's  agricultural  production  (including 
forestry)  for  1950  amounted  to  $652  million,  and  in  1956  to  $736 
million  (Table  6).  The  1950  agricultural  income  represented  50 
per  cent  of  the  gross  national  product  ($1,298  million).  The  two 
main  export  crops  were,  and  still  are,  bananas  and  coffee.  Live- 
stock, sugar  cane,  annual,  and  cereal  crops  fashioned  the  back- 
ground of  the  domestic  economy.  In  dollar  value,  cacao  and  abaca 
also  were  important  and  copra  returned  small  amounts  of  income 
to  numerous  entrepreneurs. 

TABLE  6. — Global  Value  of  Selected  Items  in  Agricultural  and  Livestock 
Production,  Costa  Rica,  1950  and  1956* 


Agricultural  Products 


Global  Value  of  Production 
(millions  of  colones) 


1950 


1956 


Export  crops 
Domestic  crops 
Livestock 

Livestock  products 
Other  farm  products 
Forestry  products 


337.6 
117.3 
44.9 
79.5 
25.1 
47.6 


314.2 
143.5 
69.6 
99.3 
47.0 
62.1 


Total  652.0  735.7 

Source:  Banco  Central  de  Costa  Rica,  Section  Ingreso  National,  Departamento 
de  Estudios  Economicos. 
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In  the  highlands,  coffee  is  the  principal  cash  crop  both  for  owners 
of  large  estates  and  for  operators  of  small  farms.  In  interprovincial 
trade,  cereal  crops,  sugar  cane  (sugar),  plantains,  and  Irish  pota- 
toes rank  high  in  total  dollar  value.  Very  many  exotic  tropical 
products  however,  also  find  their  way  to  the  market  stalls  in  the 
various  cities.  Most  of  these  crops  are  produced  on  small  owner- 
operated  farms.  In  respect  to  livestock  and  livestock  products, 
farmer  interest  impinges  primarily  upon  beef  cattle,  milk,  and  milk 
products. 

Export  Crops 

Commercial  banana  production  is  most  extensive  on  the  Pacific 
coast  near  Golfito  and  Palmar  Sur,  but  other  lands  on  or  near  the 
Caribbean  are  in  similar  use.  On  both  coasts  the  undertakings  are 
highly  organized,  adequately  capitalized,  and  under  corporation 
management.  For  these  reasons  government  economists  have  not 
concerned  themselves  with  the  economics  of  banana  production. 


Aerial  tramway  car- 
ries United  Fruit  ba- 
nanas across  the 
Diquis  River 
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Coffee  production,  in  contrast,  receives  serious  attention  from 
all  segments  of  the  domestic  front.  Bankers  and  others  consistently 
strive  for  improvement  in  production  credit  which  often  finds  its 
way  from  the  banking  institutions  to  small  operators  through  own- 
ers of  processing  plants,  called  beneficios.  Although  cost  data  for 
coffee  are  extremely  limited,  no  comprehensive  cost  studies  had 
been  planned  or  undertaken  as  late  as  1960. 

Cacao,  while  a  minor  export  crop,  is  important  to  many  low- 
income  farmers.  Present  cacao  plantings  are  confined  mainly  to  the 
Atlantic  zone,  a  name  applied  to  the  lowlands  adjacent  to  or  drain- 
ing into  the  Caribbean  Sea.  Many  of  the  trees  now  in  production 
are  at  least  half  a  century  old,  of  seedling  stock,  and  have  an  un- 
certain future.  In  many  instances  good  management  of  groves  is 
wanting.  Various  diseases  have  made  serious  inroads,  drains  are 
often  neglected  or  are  nonexistent  where  needed,  and  present  fer- 
mentation and  drying  processes  require  a  vast  amount  of  hand 
labor.  As  with  coffee,  economic  interest  has  centered  mostly  upon 
sources  and  management  of  production  credit.  At  present  the  MAI 
and  ICA  (STICA)  have  numerous  plant  improvement  and  disease 
control  experiments  under  way  which  in  time  should  help  to  im- 
prove the  income  of  growers. 

The  production  of  abaca,  like  that  of  exportable  bananas,  was 
for  some  years  a  large-scale  corporation  undertaking,  but  opera- 
tions were  recently  curtailed. 

Domestic  Crops 

Cereal  crops — corn,  rice,  and  beans — are  of  major  economic 
importance  on  the  domestic  market.  They  are  known  in  govern- 
ment circles  as  the  basic  food  crops.  A  great  deal  of  research  is  yet 
needed,  in  spite  of  results  to  date,  to  introduce  new  and  improved 
varieties  of  cereals  or  cereal  substitutes  which  meet  with  consumer 
acceptance.  The  Consejo  Nacional  de  Produccion  buys  grains  dur- 
ing good  years  to  guard  against  disasters  of  floods,  droughts,  and 
other  causes  of  crop  failure  and,  to  a  limited  extent,  to  provide 
protein  supplement  for  livestock  feeds. 

Sugar  annually  ranks  next  to  the  cereal  crops  in  value.  For  the 
year  ending  June  30,  1956,  approximately  8,400  tons  of  sugar  were 
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imported  for  local  consumption.  McPherson  then  estimated  the 
annual  per  capita  consumption  of  sugar  around  100  pounds.6  From 
a  labor-utilization  viewpoint  sugar  cane  and  coffee  have  long  been 
recognized  as  complementary  crops  in  parts  of  the  Meseta  Central. 
Under  a  hand-labor  agricultural  economy  this  combination  has 
great  merit.  However,  1956  sugar  prices  to  consumers  were  above 
the  world  average  (8%  cts.  per  lb.  USA),  and  were  maintained  at 
high  levels  to  reward  low-income  farmers  who  had  few  obvious 
income  alternatives.  Much  attention  has  been  given  to  diversifying 
cash  crops  on  low-income  sugar  cane  farms,  but  adequate  substitutes 
for  sugar  cane  have  not  yet  been  found. 

The  gross  value  of  the  plantain  and  other  bananas  included  in 
the  national  diet  approached  $3  million  USA  in  1956.  The  various 
bananas  used  for  cooking,  frying,  and  baking  are  products  that 
small-scale  family  farmers  can  produce  economically,  and  often  in 
combination  with  coffee. 

Irish  potatoes  are  grown  principally  on  the  steep  slopes  of  Irazu 
Volcano  and  on  the  mountains  near  Zarcero.  Approximately  3,000 
acres  were  planted  to  potatoes  in  1955.  Production  was  estimated 
at  225,250  bushels  (135,125  quintals),  or  around  75  bushels  per 
acre.  Unpublished  data  supplied  by  the  MAI  indicate  that  per  capita 
annual  consumption  of  potatoes  ranges  from  15  to  30  pounds.  Sev- 
eral economic  studies  aimed  at  improving  potato  production  and 
marketing  were  completed  between  1956  and  1960. 

Oranges  and  avocados,  chayotes,  pumpkins,  and  similar  prod- 
ucts, tomatoes,  yuca,  onions,  and  pineapples  in  the  order  named  are 
among  the  more  important  miscellaneous  food  crops.  Floriculture 
flourishes  on  the  cool  hillsides  of  Irazu.  In  addition,  production  of 
flue-cured  tobacco  for  domestic  use  augments  the  cash  incomes  for 
the  operators  of  many  small  diversified  farms  in  several  areas.  In 
many  sections  forestry  products,  which  approached  $10  million 
USA  in  1956,  provide  considerable  income  to  farmers  and  non- 
farmers  alike. 

Livestock  and  Its  Products 

Approximately  97,000  cattle  (ganado  engorde)  were  slaughtered 
for  consumption  in  1956.  Another  18,000  animals  were  exported 
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on  the  hoof,  principally  to  Colombia,  Peru,  and  to  the  islands  of 
Curacao  and  Aruba.  Animals  are  sold  at  wholesale  merely  as  cows, 
steers,  bulls,  and  oxen.  Except  indirectly,  quality  meat  cuts  by 
grade  have  not  received  serious  attention  on  local  markets.  The 
annual  per  capita  consumption  of  beef  in  1956  was  estimated  at 
about  45  pounds. 

In  1956,  61,000  hogs  were  slaughtered.  The  average  was  about 
60,000  per  year  from  1950  to  1955,  inclusive.  Pork  production  is 
generally  a  back-yard  enterprise.  In  the  1950  census,  22,694  farms 
reported  115,078  animals  on  their  farms.  Most  consumers  regard 
pork  cuts  as  luxury  items,  and  annual  per  capita  consumption  is 
probably  not  over  5  to  10  pounds  per  person.  Since  crop-hog  sys- 
tems of  farming  are  not  traditional  in  Costa  Rica,  it  may  require 
considerable  experimentation  before  know-how  is  attained.  The 
MAI,  through  the  leadership  of  Luis  A.  Villalobos,  is  develop- 
ing a  swine-improvement  program. 

Of  all  livestock  products,  dairy  products  earn  the  highest  gross 
revenue.  Estimates  of  per  capita  milk  production  in  Costa  Rica 
vary,  but  in  a  1960  publication  Alfaro  reported  that  it  may  approach 
400  pounds  annually.7  However,  per  capita  consumption  of  fluid 
milk  is  probably  under  a  half-pound  daily,  since  about  56  per  cent 
of  all  milk  produced  is  used  on  farms  for  either  livestock  feed, 
home  use,  or  dairy  products  for  sale,  and  much  of  the  market  milk 
is  sold  as  ice  cream  or  butter,  or  is  converted  into  nonfat  dry  milk. 

Production  of  poultry  and  eggs  can  be  greatly  expanded.  A  con- 
siderable amount  of  poultry,  both  live  and  dressed,  is  offered  to 
consumers  at  city  markets,  but  relatively  high  prices  restrict  move- 
ment to  consumers.  In  1950  poultry  production  averaged  a  little 
over  one  bird  (ave  de  corral)  per  person,  and  egg  production 
around  two  eggs  per  week  per  person.  Opportunities  exist  for  a 
greatly  expanded  poultry  and  egg  market  if  prices  can  be  brought 
within  the  purchasing  ability  of  thousands  of  potential  consumers 
( Table  4 )  who  otherwise  must  forego  these  items. 

Impact  of  Population  Increases 

When  current  population  trends  are  projected  into  the  future,  a 
picture    emerges    of   eventual    food    requirements,   land   resources 
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needed,  and  possible  population  pressures,  among  others.  By  1966 
Costa  Rica  may  expect  a  total  population  of  1,651,000  as  compared 
to  800,875  in  1950,  if  present  population  trends  continue.  The  1966 
forecast  is  based  upon  the  assumption  that  the  estimated  current 
rate  of  population  growth  will  continue  until  1966 — a  forecast 
which  could  be  altered  if  birth,  death,  and  migration  rates  change. 
But  if  this  estimate  does  materialize  and  if  crop  production  and 
technological  levels  remain  constant,  then  the  amount  of  arable 
farmland  needed  in  1966  will  approach  640,000  manzanas,  or 
nearly  double  that  of  1950.  On  the  other  hand,  an  upswing  in 
production  per  acre  would  decrease  the  per  capita  requirements  of 
arable  land  and  lower  per  unit  labor  requirements,  the  objective  of 
some  MAI  programs  now  under  way.  If  the  rate  of  agricultural 
growth  surpasses  that  of  population  growth  it  will  either  stimulate 
off-farm  migration  or,  in  lieu  of  that,  create  vast  areas  of  rural 
underemployment  and  rural  poverty.  The  answers  lie  in  planning 
now  to  meet  the  eventualities  of  several  decades  hence. 

Land  Resources 

The  total  land  area  of  the  country's  43,086  farms  approximated 
4,500,000  acres  in  1950.  Almost  half  the  acreage,  or  44  per  cent, 
was  reported  in  woods,  in  second  growth,  or  in  scrub  growth.  Nearly 
35,000,  or  81  per  cent  of  all  farms,  were  operated  by  owners.  In 
1955,  owners  accounted  for  only  75  per  cent  of  the  47,286  farm 
operators  enumerated. 

Tropical  Export  Crop  Areas 

New  land  resources  available  for  tropical  export  crops  are  found 
largely  in  the  Tropical  Moist  Forest  Formation,  a  formation  con- 
taining nearly  6,000,000  acres.8  The  largest  area  stretches  from 
Lake  Nicaragua  along  the  San  Juan  River  to  the  Caribbean  Sea 
(Atlantico),  thence  southward  to  the  Panama  border.  Another  area 
reaches  from  the  Panama  border  along  the  Pacific  Ocean  north- 
westward throughout  most  of  Puntarenas  Province. 

Present  export  crops  found  in  this  formation  are  bananas,  cacao, 
and  abaca.  African  oil  palm  is  grown  in  Puntarenas  Province,  the 
oil  being  used  for  locally  manufactured  products.  The  formation  is 
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also  favorable  for  such  specialty  crops  as  the  pejibaye  fruit.  In  the 
wetter  parts  of  the  formation,  rubber  production  offers  promise  as 
a  result  of  breeding  and  disease  research  in  the  Atlantico.  Accord- 
ing to  specialists  an  export  lumber  industry  is  a  possibility. 

Coffee  Production  Areas 

Coffee  production  has  long  been  centered  in  the  Subtropical 
Moist  Forest  Formation.  The  favored  elevations  are  between  1,500 
and  4,500  feet  above  sea  level  where  rainfall  averages  between  40 
and  80  inches  annually.  Average  temperatures  range  between  60 
and  80°  F.  The  greater  portion  of  the  highly  productive  soils  in 
the  formation  are  of  recent  volcanic  origin.  Altogether  about  800,- 
000  acres  are  included. 

A  narrow  band  of  Subtropical  Moist  Forest  extends  along  the 
western  side  of  the  Guanacaste  Cordillera.  Pockets  of  good  soil  are 
also  found  in  the  adjacent  Subtropical  Wet  Forest  on  the  eastern 
slopes  of  the  Continental  Divide.  The  writer  has  penetrated  the 
forests  on  the  eastern  slope  and  believes  that  some  parts  of  these 
mountains  are  also  suitable  for  coffee. 

Food  Crop  Areas 

There  are  various  future  food  crop  production  possibilities.  Most 
of  Guanacaste  Province  lies  in  the  Tropical  Dry  Forest  Formation. 
Included  therein  is  an  area  paralleling  the  Tempisque  River  which 
has  great  potentialities  for  sugar  cane  production.  The  land  lends 
itself  to  mechanized  systems  of  farming  because  of  level  topography, 
easily  tilled  and  managed  soils,  and  an  abundance  of  water  for 
irrigation.9  Good  roads  now  traverse  the  heart  of  this  region. 

Cereal  acreages  must  also  be  expanded  if  Costa  Rica  is  to  keep 
abreast  of  its  food  needs.  The  Tempisque  Valley  is  a  potential  area 
for  cereal  crop  production,  and  a  considerable  amount  of  rice  is 
now  produced  there.  Parts  of  the  Tropical  Moist  Forest  are  also 
believed  to  be  suitable  for  cereals,  but  here  the  drying  of  grains 
for  storage  becomes  of  economic  significance.  Research  is  needed 
regarding  drying,  grading,  and  storage  of  grains  on  farms.  All  in  all, 
however,  Costa  Rica  has  the  potential  to  more  than  produce  its 
domestic  cereal  needs. 
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Livestock  Areas 

The  two  principal  dairy  regions  are  known  as  the  North  Dairy 
Region  and  the  South  Dairy  Region.  Milk  is  usually  produced  at 
the  cooler  altitudes  which  are  favorable  for  both  dairy  cattle  and 
pasture  production  (4,000  to  4,500  feet  above  sea  level).  Peterson 
and  West  stated,  "The  basic  problems  of  the  area  are  to  increase 
the  carrying  capacity  of  the  pastures  .  .  .  and  increased  milk  pro- 
duction through  better  control  of  the  quality  of  feed  concentrates."10 

The  Valle  del  General  surrounding  San  Isidro,  thence  along  the 
mountains  to  the  Sabanas  de  Cabagra  and  Potrero  Grande  near 
Buenos  Aires,  are  considered  as  likely  areas  for  dairy  development. 
These  areas  roughly  parallel  the  Subalpine  Moist  Paramo  and  are 
being  opened  to  motor  transportation  by  the  Pan  American  high- 
way. Milk  production  will  have  to  nearly  double  the  1956  output 
by  1966  if  per  capita  levels  of  production  are  to  be  maintained.  If 
per  capita  consumption  is  greatly  increased,  demand  for  new  pas- 
ture lands  will  be  vastly  stimulated. 

An  extensive  beef  cattle  farming  area  lies  almost  entirely  in  the 
Tropical  Dry  Forest  Formation  in  Guanacaste  Province.  Annual  dry 
and  wet  seasons  are  of  about  equal  duration.  Expert  management 
is  required  to  maintain  pastures  of  good  grazing  quality  during  the 
dry  months.  Future  development  of  the  Subtropical  Wet  Forest  and 
parts  of  the  Tropical  Moist  Forest  to  the  south  of  Lake  Nicaragua, 
especially  in  the  foothills  of  the  Cordillera,  offer  promising  possibili- 
ties for  expansion  of  the  beef  cattle  industry.  Much  of  this  area  is 
now  in  virgin  forests.  Rains  are  adequate  during  every  month  of 
the  year. 

National  Land  Policy 
In  1955  the  then  Minister  of  Agriculture,  Bruce  Masis  D.,  pre- 
sented to  the  National  Assembly  a  plan  for  land  settlement.  The 
basic  objectives  outlined  in  the  proposal  were  the  following: 

1.  To  promote  an  equitable  system  of  land  distribution  and  to  main- 
tain it  with  an  improved  and  gradual  exploitation,  and  to  regulate 
usage  of  all  National  Reserves. 

2.  To  strive  for  the  gradual  improvement  of  the  living  conditions  of 
rural  workers  and  the  stabilization  of  their  families  through  an 
economical  and  rational  exploitation  of  the  soil. 
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According  to  the  proposals,  all  lands  not  privately  or  publicly 
owned  would  belong  to  the  federal  government  and  would  be  known 
as  National  Reserves.  The  proposal  recognized  that  the  time  had 
arrived  when  a  national  land  policy  must  be  adopted.  An  effort  was 
made  both  to  forestall  large  latifundia  holdings  and  to  prevent  par- 
celing of  land  into  units  too  small  for  profitable  operation. 

The  proposal  advanced  was  that  in  awarding  National  Reserve 
lands  to  citizens  the  parcels  granted  should  be  large  enough  to 
provide  security;  to  conserve,  develop,  and  improve  the  land;  to 
produce  efficiently  the  food,  fiber,  and  vegetable  oils  needed  for 
national  consumption,  and  to  improve  the  economic  well-being  of 
the  nation  as  a  whole. 

The  time  of  abundant  free  land  is  nearing  an  end.  Private  acqui- 
sition of  open  land  by  squatting  or  through  adverse  possession  will 
become  more  difficult  in  the  years  ahead.  Recognizing  these  prob- 
lems the  government,  in  cooperation  with  ICA,  promoted  a  three- 
month  survey  in  1959  to  determine  the  feasibility  of  planned  land 
settlement.11  Two  of  the  major  proposals  forthcoming  were  that 
settlers  should  be  guided  by  agricultural  extension  specialists  and 
financed  through  controlled  credit. 

Generalization  of  Research  Findings 

In  1955  the  ICE,  in  cooperation  with  the  MAI,  conducted  a  farm 
management  survey  of  371  farms  in  the  Cuenca  Media  del  Rio 
Grande  de  Tarcoles.  The  writer  participated  in  several  analytical 
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phases  of  this  study.  So  far  as  could  be  ascertained  this  was  the 
first  farm  management  study  undertaken  in  Central  America  to  be 
wholly  planned,  financed,  and  carried  out  nationally. 

The  average  total  capital  invested  per  farm  in  the  Cuenca  Media 
was  $88,260  ($13,312  USA)  and  ranged  from  $2,050  to  $2,202,- 
000,  according  to  Benavides  of  ICE.12  He  classified  42  per  cent  of 
the  farmers  as  coffee  producers,  16  per  cent  as  sugar  cane  pro- 
ducers, 15  per  cent  as  producers  of  annual  crops,  and  the  remain- 
ing as  diversified  farmers.  More  than  half  (56  per  cent)  of  the 
operators  partially  financed  their  operations  through  the  use  of 
agricultural  credit.  Only  5  per  cent  reported  gross  incomes  in  excess 
of  $50,000,  and  36  per  cent  earned  less  than  $5,000.  Eighty-two 
per  cent  of  the  operators  were  farm  owners,  53  per  cent  had  less 
than  five  manzanas  (8.6  acres)  of  land  under  cultivation,  and  66 
per  cent  of  the  operators  employed  hand  labor  exclusively  in  the 
production  of  their  crops. 

In  another  phase  of  the  study  Montoya  and  Alleger  analyzed 
sugar  cane  farm  operations.13  They  found  that  highest  labor  in- 
comes from  sugar  cane  production  were  realized  on  lands  which 
ranged  in  value  from  $5,000  to  $6,000  per  manzana  ($425  to 
$520  per  acre).  In  general,  farm  incomes  were  too  low  to  permit 
savings  for  capital  accumulation,  and  systems  of  diversified  farm- 
ing where  coffee  was  combined  with  sugar  cane  and  other  crops 
earned  the  highest  average  farm  incomes.  It  seemed  unlikely  that 
sugar  produced  from  sugar  cane  grown  on  steep  mountain  slopes, 
and  largely  with  hand  labor,  could  ever  compete  successfully  on 
the  world  market. 

Another  use  put  to  the  Cuenca  Media  data  was  to  determine  a 
rather  simple  method  for  determining  cash  costs  of  production. 
The  method  had  to  be  easy  enough  to  be  understood  by  a  farmer 
with  a  limited  amount  of  education.  Briefly  stated,  it  entailed  tabu- 
lating all  annual  cash  outlays  (out-of-pocket  expenses)  for  farming 
and  then  subtracting  their  total  from  the  total  annual  cash  income 
from  farming.  The  difference  was  termed  net  income.  The  data, 
prepared  by  Gregorio  Alfaro,  were  released  by  STICA  in  Spanish 
with  explanatory  notes. 

It  was  assumed  that  if  a  farmer  applied  this  type  of  analysis  to 
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the  production  of  any  given  crop  enterprise  it  would  reveal  to  him 
how  much  cash  he  had  to  put  in  his  pocket  during  or  at  the  end 
of  a  farm  year.  For  illustrative  purposes  the  average  results  obtained 
for  176  coffee  farms  are  shown  in  Table  7. 

TABLE  7. — Cash  Costs  and  Returns  per  Manzana,  176  Coffee  Farms,  Cuenca 
Media  del  Rio  Grande,  Costa  Rica,  1954 

Item  Number 

1.  Farms  reporting number  176 

2.  Average  size  of  farm manzanas*  21.7 

3.  Area  of  coffee  under  cultivation manzanas  6.5 

4.  Sale  per  manzana  of  coffee  harvested fanegasf  10.2 

5.  Percentage  of  farm  income  derived  from  coffee 83.6 

Out-of-Pocket  Costs  (Total  Farm  Expenses)  Average  per  Manzana 

6.  Hired  labor $326.53  77.8% 

7.  Fertilizers  and  lime 41.39  9.8 

8.  Livestock  purchases 13.35  3.2 

9.  Transportation 11.58  2.7 

10.  Insecticides  and  fungicides 5.79  1.4 

11.  Gasoline,  oil,  and  grease 5.17  1.2 

12.  Licenses,  taxes,  and  insurance 3.30  .8 

13.  Repairs  (machinery,  etc.) 3.23  .8 

14.  Seeds  and  plants 1.06  .3 

15.  Miscellaneous  expenses 8.43  2.0 

16.  Total  Out-of-Pocket  Expenses ~0419.83  100.0% 

Cash  Farm  Income 

17.  Gross  income $1,155.42 

18.  Cash  expenses  (line  16) 419.83 

19.  Net  cash  income  (line  17  less  18) $    735.59 

Source:  Gregorio  Alfaro  y  otros,  "Costos  e  Ingresos  de  176  Fincas  de  Cafe,  en 
La  Cuenca  Media  del  Rio  Grande,  Provincia  de  Alajuela,"  mimeographed  (MAI 
y  STIC  A,  1960). 

*1  manzana  =  1.727  acres.       fOne  fanega  yields  100  lbs.  dried  coffee  beans. 

Cost  of  production  studies  and  the  determination  of  labor  and 
materials  required  for  given  crops  are  always  given  considerable 
attention  because  banks  need  these  kinds  of  data  in  determining 
agricultural  credit  policies  and  practices.  Farmers  also  need  them 
to  analyze  their  farm  enterprises. 

In  1958  Mario  Cordoba  summarized  and  classified  per-manzana 
costs  for  producing  Irish  potatoes  in  the  Cartago  area.  He  reported 
that  production  and  harvesting  costs  averaged  around  $2,950  per 
manzana,  of  which  $2,700  were  expended  on  production  and  $250 
on  harvesting.  These  total  costs  were  equivalent  to  $258  per  acre. 
Net  returns  averaged  $1,000  per  manzana  ($87  per  acre).  Cordoba 
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reported  that  potato  farmers  who,  by  and  large,  depended  upon 
hand  labor  to  produce  their  crops,  applied  around  700  hours  in  the 
production  and  harvesting  of  one  manzana  (400  hrs.  per  acre),  a 
factor  which  contributed  to  high  per-unit  costs. 

This  study  was  followed  by  an  appraisal  of  the  potato  industry, 
including  a  review  of  marketing  practices.  R.  E.  L.  Greene,  who 
conducted  the  survey,  concluded  that  disease-free  seed  at  lower 
than  prevailing  costs  was  needed  and  that  potato  diseases  had  to 
be  brought  under  effective  control  before  the  marketing  of  pota- 
toes could  be  greatly  improved.14 

As  a  result  of  Greene's  survey  during  his  1958  two-month  tour 
of  duty,  two  potato  production  experiments  for  1959  were  planned 
and  carried  out.  The  objectives  were  to  ( 1 )  determine  ways  to 
lower  costs  of  commercial  production,  (2)  improve  processing 
methods  for  handling  and  assembly,  and  (3)  compile  market  price 
data  on  the  wholesale  and  retail  levels  for  one  year.  Difficulties 
arose  which  prevented  the  completion  of  the  study  in  detail  as 
planned,  but  much  valuable  information  was  gained. 

R.  A.  Pendleton,  STICA  Agronomist,  prepared  the  experimental 
design  for  the  growing  experiments.  One  experiment  was  located 
at  approximately  5,000  feet  and  the  other  at  6,500  feet  above  sea 
level  on  owner-operated  farms.  The  selection  of  two  elevations  was 
to  test  the  differential  effect  of  altitude  and  climate  on  potato  dis- 
eases. Both  experiments  were  designed  for  three  types  of  disease 
control:  (1)  conventional  spraying  (very  wet),  (2)  mist  spraying, 
and  (3)  dusting.  Cut  and  uncut  tubers  were  used  for  each  of  four 
varieties:  Kennebec,  Harford,  Estrella,  and  Morada  Blanca.  Each 
major  experimental  plot  was  subdivided  into  72  subplots  of  approxi- 
mately 10  by  40  feet.  This  permitted  complete  replication  of  all 
tests. 

When  harvesting  data  became  available  Pendleton  made  the  fol- 
lowing statistical  calculations  of  the  results. 

At  the  5,000-foot  elevation  no  statistically  significant  difference 
was  found  from  (1)  seed  cutting,  (2)  seed  cutting  correlated  with 
either  disease  control  treatment  or  varieties.  Differences  were 
significant  as  between  disease  control  treatments  alone,  spraying 
being  far  more  effective  than  dusting.  There  was  a  significant  differ- 
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ence  as  between  varieties,  and  between  cut  and  uncut  seed  within 
varieties.  Disease  damage  averaged  exceedingly  high. 

At  the  6,500-foot  level  disease  damage  was  much  less.  Here  it 
was  found  that,  as  at  the  lower  elevation,  disease  control  treat- 
ments were  significant,  as  were  differences  between  varieties.  In 
contrast  to  the  5,000-foot  experiment,  at  the  higher  elevation  seed 
cutting  alone  and  seed  cutting  correlated  with  disease  control  were 
significant.  Cut  seed  of  the  Estrella  variety  out-yielded  uncut  seed 
at  6,500  feet. 

W.  J.  Wiltbank,  STICA  Horticulturist,  in  company  with  Oscar 
Garofalo,  MAI  Pathologist,  participated  in  the  harvesting  studies 
and  in  observing  disease  infestations.  A  small  sample  (5  lbs.)  was 
selected  from  each  of  the  72  subplots  at  both  elevations  for  storage 
observations  and  was  stored  under  somewhat  unfavorable  condi- 
tions at  El  Alto  (60°  to  80°  F.  temperatures)  at  normal  humidity. 
Nevertheless,  results  indicated  that  storage  of  locally  grown  potatoes 
can  be  practiced  if  an  effort  is  made  to  store  only  healthy  tubers.15 

This  research  indicated  that  an  elevation  above  6,000  feet  was 
more  favorable  for  potato  production  in  Costa  Rica  than  at  5,000 
feet.  It  was  found  that  cut  potato  seed  can  be  used  if  tubers  are 
disease-free  and  suberized  before  planting.  This  lowers  seed  costs 
considerably.  Mist  spraying  gives  favorable  results.  It  reduces  the 
quantity  of  water  that  must  be  carried  by  laborers,  and  thus  lowers 
the  amount  of  labor  required  for  spraying.  The  use  of  acceptable 
cut  seed  and  mist  spraying  properly  applied  can  be  safely  recom- 
mended for  potato  growing  at  an  elevation  of  over  6,000  feet.  Some 
varieties  (Kennebec  and  Harford,  to  name  two)  have  better  mar- 
keting qualities  than  two  long-established  local  varieties  (Estrella 
and  Morado  Blanca). 

Price  records  of  1959  wholesale  potato  sales  at  Cartago  were 
gathered  for  several  months  by  Mario  Cordoba.  Also,  retail  prices 
on  the  San  Jose  market  were  recorded  by  major  varieties  by 
Gregorio  Alfaro  for  52  weeks.  Subsequently  these  data  were  ana- 
lyzed at  the  University  of  Florida  by  Alfaro  under  the  guidance  of 
Greene.16  Partially  as  a  result  of  the  several  economic  studies  men- 
tioned, and  more  especially  because  of  the  annual  potato  intro- 
duction and  breeding  experiments  conducted  by  the  MAI,  better 
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knowledge  has  developed  in  respect  to  seed  production  practices, 
disease  controls,  and  marketing  of  potatoes. 

Future  Research  Needs 

Obstacles  to  progress  in  agriculture  are  mostly  of  a  technical 
nature  since  problem  solving  requires  a  foundation  of  research 
knowledge.  Kinds  of  agricultural  economic  research  now  needed 
for  short-run  improvements  are  the  following: 

1.  Cost  of  production  studies  for  all  major  crop  and  livestock  enter- 
prises. 

2.  Information  on  basic  labor  and  material  requirements  for  all 
major  crops  as  required  for  credit  purposes  and  for  eventual  linear 
programming. 

3.  Use  of  agricultural  credit  to  expand  or  restrict  agricultural 
production. 

4.  Means  for  introducing  modern  agricultural  production  and  mar- 
keting methods  to  replace  the  traditional  and  obsolete. 

5.  Ways  to  improve  assembly  and  transportation  of  crops  and 
livestock. 

Long-run  economic  progress  relates  to  cultural  attributes  and 
human  settlement.  Land-tenure  practices  rank  next  to  education  in 
determining  rural  social  behavior.  Long-run  policy  objectives 
should  include  research  into: 

1.  Land-tenure  practices  and  objectives. 

2.  Utilization  of  land  to  raise  human  productivity  and  purchasing 
power. 

3.  Utilization  of  technical  knowledge  and  new  discoveries  to  increase 
agricultural  production  per  unit  of  land  area. 

4.  Development  of  agricultural  statistical  information  needed  for 
public  policy  planning. 

Conclusions 

The  prosperity  of  Costa  Rica  is  directly  dependent  upon  agri- 
culture. Agriculture,  however,  cannot  operate  in  isolation  because 
national  well-being  requires  simultaneous  attention  upon  both  indus- 
trial and  agricultural  development.  Without  large,  known  reserves 
of  oil,  precious  minerals,  coal,  or  iron,  the  expansion  of  industrial 
activity  becomes  most  difficult.  This  situation  is  further  intensified 
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by  the  fact  that  Costa  Rican  agriculture  does  not  provide  sufficient 
income  for  substantial  widespread  capital  accumulation. 

Costa  Rica  is  too  small  a  country  both  in  size  and  monetary  re- 
sources to  afford  extensive  duplication  and  competition  in  research 
effort.  It  therefore  becomes  a  matter  of  organization  to  determine 
the  wisest  use  of  money,  manpower,  and  priority  in  research  under- 
takings. Each  nation  must  determine  for  itself  what  organization  is 
best  in  the  conduct  of  its  affairs,  research  included.  However,  it  is 
the  opinion  of  the  writer  that  greater  accomplishments  could  be 
achieved  with  the  manpower  now  engaged  in  research  and  with  the 
money  now  expended  upon  it  if  all  agricultural  research  were 
centralized  and  coordinated. 

In  spite  of  the  achievements  in  many  phases  of  agricultural  re- 
search in  Costa  Rica  to  date — and  they  are  noteworthy  for  a  nation 
its  size — much  more  research  is  needed.  Research  still  to  be  done 
includes  studies  of  new  seed  varieties,  fertilizers  and  fertilization, 
insecticide  controls,  use  of  new  tools  and  machinery,  production, 
assembly,  distribution  and  sale  of  farm  products,  to  name  only  a 
few.  The  possibility  of  excessive  pressures  of  population  on  land 
as  a  fixed  factor  must  also  be  recognized.  A  nation  must  think  in 
terms  of  levels  of  living  and  food  supplies.  Moreover,  any  lasting 
solutions  must  be  consistent  with  national  historic  values  and  be 
acceptable  to  the  society  affected  to  insure  personal  freedom  and 
protect  rights  regarded  as  inalienable — a  firm  foundation  upon 
which  to  plot  the  future  growth  of  the  nation. 
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land-Use  Problems  in  the  Sugar  Industry 


E 


ssentially,  all  the  sugar  consumed  in  Costa  Rica  is 
produced  from  cane  grown  in  the  country  and  proc- 
essed in  domestic  trapiches  or  ingenios.  The  market  for  this  sugar 
is  isolated  from  the  world  market  by  ( 1 )  the  imposition  of  a  high 
duty  on  the  importation  of  sugar,  and  (2)  fixing  the  price  con- 
sumers must  pay  for  sugar  at  levels  somewhat  above  the  price  that 
would  prevail  if  sugar  produced  in  other  countries  could  be  pur- 
chased freely.  The  government  sanctions  only  enough  foreign  trade 
in  sugar  to  stabilize  the  domestic  price  it  fixes  for  sugar  from  year 
to  year. 

In  response  to  the  prices  consumers  pay  for  all  forms  of  sugar 
in  the  domestic  market,  farmers  decreased  land  area  used  to  pro- 
duce cane  and  the  amount  of  cane  produced  from  the  1950-51  sea- 
son through  the  1953-54  season  (Tables  1  and  2).  Both  the  area 
planted  in  cane  and  the  amount  of  cane  produced  increased  some- 
what during  the  1954-55  crop  year  and  probably  still  more  during 
the  next  two  years.  Nevertheless,  it  is  unlikely  that  this  increase  has 
been  large  enough  to  much  more  than  offset  the  decline  that  took 
place  earlier.  In  contrast  to  the  trend  in  cane  production,  the 
amount  of  sugar  produced  in  the  country  reached  an  all-time  high 
of  more  than  700,000  quintals  in  1953,  and  then  fell  off  sharply. 
From  1950  to  1955,  sugar  was  exported  but  during  the  next  two 
years  it  was  necessary  to  import  ( Table  3 ) . 

From  1950  to  1957  the  number  of  ingenios  increased  from  21  to 
26.  The  yield  of  sugar  per  ton  of  cane  varies  widely  from  ingenio 
to  ingenio.  Part  of  this  variation  is  due  to  variations  in  the 
amount  of  sugar  in  the  cane  and  part  is  due  to  variations  in  the 
efficiency  with  which  the  ingenio  extracts  the  sugar  from  the  cane. 
As  a  result  of  these  two  variables,  the  price  that  individual  pro- 
ducers receive  for  cane  differs  more  than  10  per  cent  every  year 
and  sometimes  as  much  as  20  per  cent  (Table  4).  Farmers  either 
sell  their  cane  to  an  ingenio  or  make  dulce  in  their  own  or  a  neigh- 
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TABLE  3. — Exportation  and  Importation  of  Sugar  in  Costa  Rica, 

1950-51  to  1956-57 


Quintals 


Year 


Exportation 


Importation 


1950- 
1951- 
1952- 
1953- 
1954- 
1955- 
1956- 


1951 
1952 
1953 
1954 
1955 
1956 
1957 


100,465 

173,412 

95,801 

178,274 


168,881 
100,438* 


Source:  Junta  de  Protection  a  la  Agriculturd  de  la  Caha. 
*  Estimated. 


TABLE  4.— Farm  Price 

in  Colones 

of  Cane 

Per  Ton, 

by  Ingenios, 

1950-51  to 

1955-56 

Ingenios 

(Sugar  Mill) 

1950-51 

1951-52 

1952-53 

1953-54 

1954-55 

1955-56 

Atlantic  Zone 

Aragon 

45.91 

43.00 

40.80 

38.00 

38.00 

45.90 

Juan  Vinas 

45.83 

44.83 

40.50 

38.00 

39.40 

43.00 

Las  Mercedes 

45.83 

39.90 

39.13 

38.00 

38.00 

44.45 

El  Congo 

50.55 

45.31 

40.50 

38.00 

38.00 

43.85 

El  Congo  (Coffee 

&  Sugar) 







44.00 

Central  Azucarera 

45.83 

43.00 

40.50 

38.00 

40.05 

50.00 

Lombardia 

45.83 

32.88 

39.00 

39.00 

38.00 

43.00 

Lindora 

48.15 

46.58 

41.81 

39.57 

39.90 



Florencia 

44.05 

40.50 

38.00 

38.00 

43.00 

Santa   Cruz 

.... 

38.00 

40.37 

47.00 

Birris 

.... 

44.83 

40.50 

38.00 

40.65 

43.95 

Santa  Fe 

.... 

.... 

38.00 

43.00 

San  Carlos 

.... 

.... 

.... 

.... 

.... 

43.00- 

Pacific  Zone 

Victoria 

49.95 

53.85 

47.04 

42.52 

45.70 

52.15 

Argentina 

50.55 

47.80 

42.00 

41.32 

42.10 

47.26 

Esmeralda 

47.83 

47.42 

44.56 

41.20 

40.76 

47.85 

La  Luisa 

49.80 

45.78 

44.54 

39.00 

39.00 

45.00 

Zetillal 

52.19 

45.95 

40.81 

39.90 

39.15 

47.35 

Porvenir 

50.68 

49.65 

43.65 

41.70 

42.18 

49.75 

Providencia 

49.04 

49.65 

43.80 

42.00 

42.20 

47.84 

Rosales 

48.97 

48.50 

42.05 

42.10 

42.55 

49.50 

Rio  Segundo 

48.61 

45.35 

42.90 

39.00 

40.03 

46.20 

Cataluna 

50.90 

46.70 

43.46 

39.80 

40.54 

51.00 

El   Poas 

45.82 

45.00 

42.00 

41.90 

39.45 

44.75 

El  Bajo 

48.57 

47.75 

41.95 

40.33 

40.46 

48.50 

Ojo  de  Agua 

48.74 

46.30 

43.31 

39.00 

39.75 

49.65 

Costa  Rica 

49.80 

48.83 

40.25 

39.00 

42.65 

45.65 

Source:  Junta  de  la  Caha. 


Boiling  sugar  cane 
juice  to  make 
dulce — a  brown 
sugar 


bor's  trapiche,  depending  on  the  relationship  that  exists  between 
the  price  of  cane  and  dulce,  which  is  constantly  changing  because 
the  price  of  dulce  is  determined  in  a  free  market  while  the  price  of 
sugar  is  fixed  (Table  5).  The  steady  increase  in  the  free  market 
price  of  dulce  from  1951  through  1956,  a  period  in  which  the  price 
of  sugar  remained  fixed,  caused  the  farmers  to  reduce  the  amount 
of  cane  they  sold  to  the  ingenios  and  increase  the  amount  converted 
to  sugar  in  the  form  of  dulce.  In  short,  fixing  the  price  of  sugar  did 
not  fix  the  price  of  all  the  sugar  produced  in  the  country,  and  the 
increase  in  demand  for  all  sugar  in  the  country  caused  the  price  of 
sugar  in  the  form  of  dulce  to  rise  to,  and  slightly  above,  the  price 
of  sugar  late  in  1956.  Early  in  1957  the  price  of  sugar  was  raised 
five  centimos  per  pound,  with  about  57  per  cent  of  this  increase 
going  to  farmers. 


Pouring  soft  brown 
sugar  into  molds. 
Each  dulce  cake 
weighs  2.2  ponnds 
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All  of  the  refined  sugar  produced  in  Costa  Rica  is  "plantation 
white."  For  many  consumers  this  is  an  acceptable  substitute  for 
pure  granulated  sugar.  On  the  other  hand  "plantation  white"  does 
not  store  as  well  as  pure  sugar  and  cannot  be  used  as  extensively 
in  processing  food  products. 

The  Problem. — Costa  Rica  is  now  confronted  with  the  problem 
of  determining  what  relationship  to  maintain  between  the  supply  of, 
and  demand  for,  sugar  in  the  future.  The  first  step  in  resolving  this 
problem  is  to  reconsider  what  the  long-run  policy  of  the  country 
with  respect  to  sugar  production  should  be.  If  there  is  no  possibility 
that  within  the  foreseeable  future  Costa  Ricans  will  be  able  to  pro- 
duce profitably  the  several  forms  of  sugar  (dulce,  plantation  white, 
and  granulated)  at  world  market  prices,  it  will  be  necessary  to 
adopt  a  quite  different  policy.  This  is  a  basic  question  of  policy 
that  the  people  of  this  country  must  resolve  through  their  demo- 
cratic institutions. 

Since  the  kind  of  sugar  policy  Costa  Ricans  adopt  will  depend 
upon  how  efficiently  sugar  cane  can  be  produced  domestically,  that 
aspect  of  the  problem  will  be  examined  first.  This  will  be  followed 
by  an  evaluation  of  the  alternative  policies  that  might  be  adopted. 
Finally,  several  activities  that  might  accelerate  the  development  of 
the  domestic  sugar  industry,  regardless  of  what  policy  is  adopted, 
are  outlined. 

The  Cost  of  Producing  Cane. — The  fact  that  the  Consejo  Nacional 
de  Produccion  finds  it  necessary  to  set  the  price  of  sugar  above  the 
world  price  and  that  this  price  is  not  yet  high  enough  to  stimulate 
the  production  of  any  more  sugar  than  was  produced  in  1950,  is 
prima  facie  evidence  that  the  cost  of  producing  domestic  sugar  at 
the  present  time  is  high  in  relation  to  cost  of  producing  it  else- 
where, and/or  other  crops  enable  farmers  to  earn  high  profits.  The 
relatively  high  cost  of  production  can  be  attributed  to  various 
combinations  of  the  following  situations: 

1.  Much  of  the  nation's  cane  is  being  produced  at  relatively  high 
altitudes  where  it  requires  from  15  to  18  months  to  mature. 

2.  The  topography  of  a  large  amount  of  land  now  used  to  produce 
cane  precludes  the  use  of  modern  efficient  planting,  cultivation,  irriga- 
tion, and  harvesting  equipment. 


58 


FERTILE   LANDS   OF  FRIENDSHIP 


3.  The  distance  over  which  much  of  the  cane  is  transported,  coupled 
with  the  small  quantities  hauled  in  each  load,  makes  the  cost  of  assem- 
bling the  cane  at  the  ingenio  excessively  high. 

4.  The  size  of  the  land  holdings  and  the  capital  resources  of  many 
cane  producers  are  too  small  to  permit  efficient  production. 

Most  of  the  high-cost  cane  production  is  on  the  small  farms 
located  in  the  Meseta  Central.  In  this  area,  farmers  are  shifting 
from  sugar  to  coffee  production  on  land  that  will  produce  coffee. 
On  the  other  hand,  five  new  ingenios  have  been  built  since  1950, 
all  located  outside  the  heavily  populated  areas  around  San  Jose, 
Heredia,  Alajuela,  and  Grecia.  Furthermore,  all  of  them  are  located 
along  the  Atlantic  side  of  the  Continental  Divide  where  the  rain- 
fall is  heavier  and  the  climate  generally  more  favorable  for  sugar 
cane  production. 

In  the  newly  developed  cane  producing  areas,  it  is  quite  pos- 
sible that  sugar  producers  can  compete  in  the  world  market.  How- 
ever, there  are  large  areas  of  unused  land  in  the  country  with  more 
of  the  characteristics  of  land  upon  which  cane  is  being  grown  prof- 
itably in  other  parts  of  the  world.  These  characteristics  are  the 
following : 

1.  Temperature.  A  range  of  temperature  which  makes  it  possible  to 
mature  a  crop  of  cane  in  from  10  to  12  months. 

2.  Soil.  Soil  responsive  to  fertilization.  To  the  extent  the  soil  con- 
tains plant  food,  the  cost  of  producing  cane  can  be  reduced  for  a  few 
years  until  this  natural  fertility  is  used.  However,  a  high  level  of  natural 
soil  fertility  is  not  a  requisite  for  efficient  cane  production  over  a  sus- 
tained period  of  time. 
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3.  Water.  Relatively  large  amounts  of  water  available  either  in  the 
form  of  (a)  rainfall  distributed  according  to  the  requirements  of  the 
growing  plant,  or  (b)  irrigation  water  that  can  be  provided  at  rates  that 
maximize  production. 

4.  Topography.  Land  sufficiently  level  to  permit  (a)  economical 
irrigation  and  drainage,  and  (b)  the  use  of  mechanized  soil  preparation, 
planting,  cultivating,  and  harvesting  machinery. 

5.  Size  of  production  unit.  Production  units  large  enough  to  permit 
the  operator  to  use  his  time  and  equipment  efficiently. 

6.  Size  of  production.  Production  units  located  near  enough  to  the 
ingenio  to  minimize  the  cost  of  transportation. 

7.  Access.  Available  transportation  facilities  consisting  of  some  com- 
bination of  highways,  railroads,  and  navigable  waterways. 

A  large  amount  of  land  in  Costa  Rica  has  the  first  six  of  these 
seven  characteristics.  This  land  is  located  along  both  coasts  of  the 
country,  much  of  it  at  elevations  of  less  than  100  meters.  How- 
ever, only  a  small  percentage  of  this  land  can  be  used  to  produce 
sugar  cane  until  it  is  made  more  accessible  by  the  construction  of 
highways,  railroads,  or  port  facilities.  At  present,  the  only  acces- 
sible areas  are  those  which  lie  along  the  Tempisque  River  where  a 
new  road  has  just  been  built  and  west  of  the  Inter-American  High- 
way, just  north  of  Puntarenas.  Along  the  Pacific  coastal  plain,  south 
of  Puntarenas,  there  are  several  areas  in  which  the  distribution  of 
rainfall  appears  to  be  even  more  favorable  for  cane  production  than 
in  the  northern  portion  of  the  plain.  In  the  Quepos,  Palmar  Sur, 
and  Golfito  areas,  the  rainfall  is  ample  to  grow  cane,  and  the  dry 
season  is  relatively  short.  The  rainfall  in  the  Atlantic  areas  is  also 
ample  but  the  dry  season  is  so  short  (if  it  exists  at  all)  that  there 
is  some  question  about  how  well  cane  will  mature  there.  Neverthe- 
less, ingenios  are  being  built  in  that  area  just  as  rapidly  as  land 
reasonably  well  suited  to  the  production  of  cane  is  made  accessible. 

Sugar  could  be  produced  profitably  in  Costa  Rica  at  world  mar- 
ket prices  if  sufficient  capital  were  invested  in  the  industries. 
Whether  this  capital  is  invested  depends  upon  (1)  whether  roads 
are  built  to  make  suitable  land  accessible,  and  (2)  the  national 
sugar  policy.  The  question  of  the  economic  feasibility  of  road  build- 
ing is  outside  the  scope  of  this  report.  Some  of  the  economic  con- 
sequences of  alternative  tariff  policies  are  outlined  below. 
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A  High  Protective  Tariff. — The  maintenance  of  domestic  prices 
of  sugar  at  levels  above  those  that  would  prevail  if  Costa  Rica 
were  allowed  to  trade  in  the  world  market  constitutes  a  method  of 
subsidizing  those  who  produce  sugar  cane  and  sugar.  At  the  cur- 
rent rate  of  consumption,  this  subsidy  amounts  to  more  than  $700,- 
000  for  each  centimo  the  domestic  price  is  maintained  above  the 
price  that  would  prevail  in  the  world  market. 

The  subsidy  received  by  the  sugar  industry  is  divided  between 
the  farmers  who  produce  the  cane  and  the  ingenio  owners  who 
convert  it  to  sugar.  The  formula  now  being  used  to  determine  the 
price  the  ingenios  must  pay  for  cane  suggests  that  somewhat  more 
than  half  the  subsidy  goes  to  the  farmers.  If  the  report  is  true 
that  more  than  half  the  cane  used  to  produce  sugar  is  produced  by 
ingenio  owners,  the  small  independent  farmers  who  sell  cane  to  the 
ingenios  receive  less  than  one-fourth  of  the  subsidy  being  received 
by  the  industry.  On  the  other  hand,  these  farmers  benefit  by  the 
increasing  of  the  price  of  dulce  caused  by  holding  a  fixed  price  on 
sugar.  The  bulk  of  the  subsidy  on  sugar  accrues  to  the  benefit  of 
the  larger  and  more  efficient  cane  producers  and  the  owners  of  the 
ingenios.  Obviously,  then,  the  maintenance  of  a  high  protective 
tariff  on  sugar  cannot  be  a  very  effective  method  of  increasing  the 
level  of  the  cane  farmers  who  have  relatively  low  incomes. 

Subsidizing  the  sugar  industry  and  raising  the  domestic  price  as 
the  demand  for  sugar  increases  ( 1 )  encourages  small  farmers  who 
are  not  producing  cane  efficiently  to  remain  in  the  industry,  and 
(2)  delays  the  time  at  which  more  efficient  farmers  and  ingenio 
operators  make  the  more  drastic  changes  in  their  operations  that 
will  enable  them  to  produce  sugar  cane  and  sugar  efficiently  enough 
to  earn  profits  at  world  market  prices.  In  short,  maintaining  a  tariff 
protection  on  sugar  without  taking  action  which  will  reduce  the  cost 
of  producing  sugar  and  eliminate  the  need  for  the  tariff  will  retard 
the  economic  growth  that  would  normally  take  place  under  pre- 
vailing competitive  conditions  in  the  world  sugar  market. 

Removal  of  the  Protective  Tariff. — Removal  of  the  protective 
tariff  on  sugar  would  result  in  a  reduction  in  the  price  of  sugar  to 
consumers,  which  would  encourage  them  to  buy  a  somewhat  larger 
quantity,  but  the  total  amount  expanded  for  sugar  would  be  some- 
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what  less  than  under  the  protective  tariff  policy.  The  additional 
money  consumers  would  have,  because  of  the  lower  price  of  sugar, 
would  be  spent  on  other  consumer  goods  and  thus  contribute  to 
raising  their  level  of  living.  On  the  other  hand,  removing  the  pro- 
tective tariff  on  sugar  would  cause  ( 1 )  some  cane  farmers  to  shift 
their  resources  to  the  production  of  other  crops,  and  (2)  some 
ingenio  owners  to  liquidate  their  capital  facilities  and  to  invest 
them  in  sugar  equipment  located  in  more  profitable  cane  produc- 
tion areas  or  in  other  economic  enterprises.  In  the  short  run  these 
shifts  would  reduce  the  income  of  both  groups  and  depreciate  the 
value  of  some  capital  goods.  Over  a  long  period  of  time,  however, 
the  sugar  industry  would  be  more  efficient  and  the  nation  as  a 
whole  more  productive  if  a  free  trade  in  sugar  policy  were  adopted. 
Under  such  a  policy,  the  industry  could  expand  manyfold  to  create 
national  wealth  by  exporting  sugar.  The  amount  the  sugar  industry 
would  contribute  to  the  economic  well-being  of  the  nation  would  be 
further  enhanced  if  the  sugar  produced  in  Costa  Rica  over  and 
above  the  amount  needed  to  satisfy  the  domestic  market  could  be 
exported  in  the  form  of  manufactured  goods  such  as  candies  and 
preserves,  which  entail  a  substantial  amount  of  domestic  labor. 

As  the  growth  of  Costa  Rica's  sugar  industry  makes  it  increas- 
ingly desirable  to  remove  the  protective  tariff,  the  removal  should 
be  slow  enough  to  permit  farmers  and  ingenio  operators  to  reor- 
ganize the  use  of  their  resources  with  a  minimum  cost.  In  fact,  it 
might  be  well  to  allow  a  lapse  of  at  least  ten  years  between  the 
time  it  is  decided  to  remove  the  tariff  and  the  time  all  protection  is 
withdrawn.  As  Costa  Rica  develops  a  sugar  industry  sufficiently 
efficient  to  produce  profitably  at  world  prices,  some  of  the  farmers 
and  ingenio  operators  now  in  the  industry  will  acquire  land  with 
the  characteristics  that  enable  them  to  produce  sugar  more  effi- 
ciently and  will  move  their  operations.  In  other  instances,  new  pro- 
ducers will  enter  the  industry  at  the  more  favorable  locations.  At 
the  same  time,  however,  it  is  quite  unlikely  that  cane  production  on 
the  Meseta  Central  will  increase  rapidly  enough  to  make  cane  pro- 
duction entirely  unprofitable  within  the  next  few  years.  In  fact, 
some  farmers  in  these  areas  will  probably  continue  to  produce  cane 
to  provide  a  means  of  using  labor  efficiently. 
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Summary 

In  summary,  the  shift  in  the  location  of  sugar  cane  production 
will  continue  to  take  place  in  an  orderly  manner.  As  the  individuals 
and  firms  that  comprise  the  industry  make  these  changes,  they  will 
be  striving  to  increase  these  profits.  To  help  them  do  so,  the  follow- 
ing four  general  educational  and  study  programs  would  be  of  aid. 

1.  The  cane  producers  could  be  advised  where  and  how  cane  can 
be  produced  most  economically  and  how  to  reorganize  their  farms 
to  take  advantage  of  these  factors. 

On  the  Meseta  Central,  many  small  farmers  may  find  cane  pro- 
duction becoming  less  and  less  profitable.  On  the  other  hand,  as 
the  population  and  per  capita  income  of  the  country  rises,  the 
demand  for  other  agricultural  crops  will  increase.  These  commodi- 
ties can  be  produced  profitably  on  small  farms  because  they  give 
the  owners  an  opportunity  to  market  their  labor  as  well  as  the 
product.  By  shifting  to  some  of  these  crops  now,  farmers  can  avoid 
the  consequence  of  the  major  shift  in  the  location  of  the  sugar  in- 
dustry that  is  now  getting  under  way.  Emphasis  should  be  placed 
on  keeping  the  hill  and  mountain  sides  in  grass  and  using  the  flat 
land  for  row  crops. 

Another  aspect  of  this  program  might  be  devoted  to  demonstrat- 
ing how  cane  producers  who  own  the  kind  of  land  and  capital  re- 
sources required  to  produce  cane  efficiently  can  do  it  profitably. 
This  is  particularly  important  in  the  newly  opened  production  areas 
where  the  sugar  cane  culture  is  not  so  well  known  as  it  is  on  the 
Meseta. 

2.  An  intensive  program  of  research  on  the  varieties  of  cane 
and  the  amount  of  water  and  fertilizer  that  will  maximize  profits 
from  sugar  production  would  stimulate  the  investment  of  capital  in 
the  most  desirable  areas. 

The  objective  of  this  work  would  be  to  determine  the  relation- 
ships existing  between  the  physical  input  and  output  of  sugar, 
which  would,  in  turn,  be  useful  in  determining  how  to  maximize 
profits  under  different  cost-price  situations.  This  research  could  be 
most  effectively  carried  on  by  a  team  of  scientists  with  training  in 
soils  science,  agronomy,  hydraulic  engineering,  and  economics. 
The  data  are  needed  for  at  least  four  locations  along  the  Pacific 
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coastal  plain  and  at  least  two  locations  in  the  flat  lowlands  of  the 
Atlantic  plain.  It  might  be  desirable  for  the  Turrialba  Institute 
to  inaugurate  a  joint  program  of  this  type  on  the  Pacific  plain,  with 
all  of  the  countries  in  Central  America  participating. 

3.  A  study  of  the  potential  market  for  pure  granulated  sugar 
and  the  possibilities  for  erecting  a  factory  to  produce  it  would  help 
attract  capital  for  such  a  venture  if  it  is  economically  feasible. 

Costa  Rican  ingenios  are  now  producing  almost  enough  sugar  to 
provide  the  raw  materials  for  a  sugar  refinery  that  would  produce 
pure  granulated  sugar.  The  extent  of  the  consumer  demand  for 
sugar  in  this  form  should  be  determined.  Also,  it  is  important  to 
find  out  what  kind  of  food-processing  industries  could  be  estab- 
lished if  pure  sugar  were  available  at  world  market  prices.  To  the 
extent  that  it  is  possible  to  export  any  sugar  above  the  amount 
needed  for  domestic  consumption,  it  would  be  highly  desirable  to 
export  it  in  the  form  of  processed  foods  such  as  candies,  which  use 
domestic  labor  to  produce.  Marketing  a  combination  of  agricul- 
tural and  human  skills  would  result  in  a  higher  return  to  the  nation 
than  would  exporting  agricultural  raw  materials  for  other  people 
to  process  into  consumer  goods.  If  Costa  Ricans  plan  to  refine  sugar 
for  use  in  domestic  food-processing  plants,  it  would  be  wise  for 
such  a  plant  to  be  located  in  the  Meseta,  perhaps  alongside  the 
liquor  factory,  where  economies  in  facilities  and  power  might  be 
effected  by  a  joint  operation.  On  the  other  hand,  if  sugar  is  the 
commodity  to  be  exported,  a  crystallizing  plant  located  at  a  seaport 
would  be  more  logical.  The  ingenio  owners  could  establish  an  enter- 
prise of  this  kind  simply  by  investing  their  depreciation  reserves  in 
a  new  business  venture  rather  than  improving  the  crystalline  phases 
of  their  own  plants.  The  new  plant  would  use  the  centrifugal  sugar 
produced  by  the  ingenios. 

4.  Studies  designed  to  define  the  capacities  and  recharge  rates 
of  the  water  storage  reservoirs  under  land  suitable  for  cane  pro- 
duction would  help  prospective  investors  determine  whether  the 
supply  of  irrigation  water  is  ample. 

A  study  of  this  type  is  needed  in  the  Tempisque  River  Valley 
where  the  supply  of  surface  water  is  ample  for  major  expansion  in 
the  production  of  agricultural  commodities  but  not  for  the  develop- 
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ment  of  the  entire  valley.  Similar  studies  of  other  major  river  val- 
leys may  be  needed.  An  accurate  estimate  of  how  much  water  can 
be  pumped  in  each  area  without  lowering  the  water  table  is  needed 
before  intensive  agricultural  development  programs  can  be  under- 
taken. This  is  especially  true  for  the  production  of  sugar  cane,  a 
crop  that  is  highly  sensitive  to  the  amount  of  water  available.  The 
fact  that  much  of  the  cane  produced  profitably  in  other  parts  of  the 
world  is  irrigated  emphasizes  the  importance  of  water  to  the  sugar 
industry. 
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Irish  Potatoes:  Production  and 
Marketing  Problems 

otato  producers  and  dealers  in  Costa  Rica  are  faced 
with  many  problems  in  the  production  and  market- 
ing of  potatoes.  One  is  producing  a  uniform-quality  product  under 
the  existing  difficulties  in  controlling  insects  and  diseases,  as  well 
as  the  difficulty  and  expense  of  obtaining  improved  seed.  A  second 
problem  is  the  wide  fluctuation  in  prices  at  different  periods  of  the 
year  at  three  levels — farm,  wholesale,  and  retail. 

Both  potato  producers  and  buyers  are  dissatisfied  with  the  pres- 
ent potato  situation.  For  several  years  potato  growers  in  the  Cartago 
area  requested  an  economic  investigation  of  potato  production,  han- 
dling, and  marketing  because  of  the  low  net  returns  received.  At 
the  request  of  the  MAI  an  economic  study  was  initiated  in  1958  to 
obtain  information  which  would  aid  in  increasing  efficiency  of  pro- 
duction and  marketing  and  which  would  improve  internal  and  ex- 
port marketing  practices. 

Since  it  was  impossible  in  a  short  period  to  assemble  detailed 
statistics  relating  to  the  potato  industry  or  to  make  a  thorough 
analysis  of  the  problems  involved,  an  effort  was  made  to  make  a 
general  survey  of  the  situation  to  identify  some  of  the  problems 
and  adjustments  needed  to  improve  efficiency  of  production  and 
the  marketing  system. 

Following  the  preliminary  investigations,  plans  were  made  to 
conduct  studies  during  1959  to  determine  the  effects  of  improved 
practices  on  production  costs  and  returns  and  to  compile  weekly 
data  for  one  year  on  prices  paid  to  farmers  for  potatoes  at  Cartago 
together  with  wholesale  and  retail  prices  on  the  San  Jose  market. 
This  report  deals  mainly  with  the  general  survey  of  the  industry 
and  pattern  of  movement  and  prices  of  potatoes  in  the  San  Jose 
market. 

Characteristics  of  the  Enterprise 
The  main  potato  production  is  located  in  the  North  Central  Dairy 
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Region.1  The  crop  is  grown  principally  on  the  southwest  slope  of 
the  Irazu  Mountain  at  elevations  of  1,800  to  3,000  meters.  A  small 
production  area  is  located  on  the  slope  of  the  South  Central  Moun- 
tain Range  in  the  vicinity  of  Zarcero. 

Period  of  Harvest,  Annual  Production,  Utilization,  and  Value. — 
Some  potatoes  are  harvested  each  month  of  the  year  but  the  major 
harvest  is  in  September,  October,  and  November  (first  planting  or 
winter  crop).  The  second  important  harvest  period  is  in  March, 
April,  and  May  ( second  planting  or  summer  crop ) . 

In  1950,  according  to  the  Census  of  Agriculture,  potatoes  were 
grown  on  729  farms.2  Manzanas  harvested  totaled  2,086  and  pro- 
duction, 153,250  quintals  (8,529  cargas).3  Eighty-three  per  cent 
of  the  total  production  came  from  the  first  planting.  Only  58  per 
cent  of  the  farms  on  which  potatoes  were  grown  in  1950  were 
located  in  the  Cartago  Province.  However,  this  area  accounted  for 
79  per  cent  of  the  manzanas  harvested  and  85  per  cent  of  all  pro- 
duction. The  Alajuela  Province  contained  one-fifth  of  the  farms  on 
which  potatoes  were  grown  but  accounted  for  only  13  per  cent  of 
the  manzanas  harvested  and  9  per  cent  of  the  total  production. 

Area  in  potatoes  in  1955  was  estimated  at  2,183  manzanas.4 
Estimated  production  was  194,089  quintals  (10,783  cargas).  This 
was  an  average  production  of  90  quintals  per  manzana.  Production 
for  1955  was  26  per  cent  more  than  that  reported  for  1950.  Eighty- 
three  per  cent  of  the  production  was  from  the  first  crop. 

Estimates  of  amount  of  potatoes  produced  and  population  (1,- 
055,200  on  December  31,  1957)  indicated  a  production  of  only 
about  20  pounds  per  capita.  Assuming  that  30  per  cent  of  the  total 
crop  was  used  for  seed,  fed  to  livestock,  or  culled,  the  amount  avail- 
able for  human  consumption  was  about  14  pounds  per  capita. 
Practically  all  sales  are  for  fresh  consumption.  Data  from  potato 
chip  manufacturers  would  indicate  they  use  about  5,000  quintals 
per  year,  or  only  3  to  4  per  cent  of  the  total  amount  available  for 
human  consumption. 

In  terms  of  global  value,  potatoes  account  for  only  about  1  per 
cent  of  the  value  of  agricultural  products  at  the  present  time. 
Practically  all  income  is  from  sales  for  use  in  the  country,  as  only 
a  small  quantity  is  exported.  During  the  five-year  period  1953-57, 
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potatoes  were  exported  in  1956  and  1957.  The  largest  export  was 
in  1956  but  the  amount  was  only  1,034  quintals.  Costa  Rican  pota- 
toes should  be  able  to  compete  in  the  Central  American  market  if 
an  effective  trade  union  between  the  countries  is  formed.5  An  in- 
crease in  local  consumption  as  well  as  export  of  potatoes  would 
add  to  the  gross  income  not  only  of  the  country  but  also  of  potato 
producers.  However,  before  exports  can  be  increased,  quality  of 
the  potatoes  produced  will  have  to  be  improved.  Relative  prices  of 
potatoes  will  also  have  to  be  reduced  to  make  them  more  competi- 
tive with  other  foods  in  local  markets  and  with  potatoes  from  other 
areas  in  foreign  markets. 

Varieties 

The  bulk  of  potatoes  are  produced  from  three  native  varieties: 
Estrella,  a  white  potato;  Morada  Blanca,  a  white  potato  with  dark 
eyes,  and  Morada  Negra,  a  dark,  red-skin  potato.  Data  for  4  re- 
tailers in  the  San  Jose  market  for  the  period  November  3,  1958,  to 
October  17,  1959,  showed  that  these  varieties  made  up  91  per 
cent  of  their  total  sales.  Of  the  sales  for  the  three  varieties,  42  per 
cent  were  Estrella,  33  per  cent  Morada  Blanca,  and  25  per  cent 
Morada  Negra. 

Only  a  small  proportion  of  the  potato  crop  in  Costa  Rica  is  from 
improved  varieties.  Both  producers  and  buyers  seem  to  be  especially 
pleased  with  Kennebec  and  Harford,  the  two  most  important  im- 
proved varieties.  Yields  from  these  are  normally  one-fourth  to  one- 
third  more  than  from  native  varieties.  They  bring  a  premium  in  the 
market  of  50-150  colones  per  carga.  Factors  limiting  the  expansion 
of  improved  varieties  are  the  very  small  supplies  of  planting  seed 
available  and  the  high  cost  per  manzana  for  improved  seed. 

Diseases  and  Insects 

Potatoes  are  subject  to  damage  by  various  diseases  and  insects. 
The  occurrence  and  destruction  from  these  causes  depend  upon 
the  weather  and  the  conditions  under  which  the  crop  is  grown.  No 
information  is  available  on  the  amount  and  value  of  crop  losses 
from  these  causes.  Observations  would  indicate  that  the  amount  is 
quite  large,  with  plant  diseases  accounting  for  the  major  share. 
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The  most  common  and  destructive  disease  is  late  blight,  caused 
by  the  fungus  Phytophthora  infestans.  Locally  it  is  known  by  the 
name  of  mancha,  tizon,  chamusco,  or  chasparrea.  Brown  rot 
(Bacterium  solanacearum) ,  or  bacterial  wilt,  is  the  second  most 
destructive  plant  disease.  It  causes  considerable  damage  to  pota- 
toes, especially  at  elevations  below  2,200  meters,  where  approxi- 
mately a  third  to  a  half  of  the  crop  is  grown.  This  disease  is  known 
as  maya  or  dormidera. 

There  are  a  number  of  virus  (virosa)  diseases  present  in  potato 
fields,  especially  different  mosaic  diseases  and  leaf  roll,  which  are 
spread  by  transferring  (mainly  by  insects)  the  virus  present  in  the 
sap  of  a  diseased  plant  to  a  healthy  one.  Virus  diseases  reduce  both 
yield  and  quality  and  also  contribute  to  the  degeneration  of  the 
varieties. 

The  most  important  insects  attacking  potato  plants  are  flea 
beetles  ( Epitrix  ) ,  leaf  hoppers  ( Empoasco ) ,  aphids,  and  leaf  mi- 
ners. The  local  names  for  these  insects  are  pulguitas,  cigarritas, 
afidos,  and  minadores,  respectively.  The  main  insects  damaging 
tubers  are  wireworms  and  cutworms  ( gusano-alambre  and  corta- 
dores ) . 

Production  Practices  and  Costs 

The  topography  of  land  on  which  potatoes  are  grown  varies  from 
generally  rolling  to  very  steep.  On  most  farms  all  operations  are 
performed  by  hand  except  breaking  land,  preparing  it  for  planting, 
and  hauling  the  potatoes  from  the  field.  Oxen  are  the  main  source 
of  power  but  a  few  farmers  own  or  hire  tractors  for  land  prepara- 
tion. Production  practices  vary  mainly  with  elevation,  season  at 
which  the  crop  is  planted,  and  varieties  grown. 

Materials  Used  in  Production 
Data  on  labor  and  materials  and  costs  of  producing  potatoes  were 
obtained  from  potato  farmers  in  the  Cartago  area  for  the  1957-58 
season.0  These   data   are   used   as  the   basis   of  discussion   in   this 
section. 

Seed. — Almost  without  exception  all  farmers  plant  whole  seed,  1 
to  2  ounces  in  size.  They  seldom  purchase  new  stock  but  select  seed 
potatoes  year  after  year  from  their  own  production.   Selection  is 
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normally  made  at  the  time  the  potatoes  are  classified  after  harvest- 
ing. Potatoes  are  planted  in  rows  30  inches  apart,  with  the  plants 
spaced  8  inches  between  hills. 

The  average  rate  of  seeding  by  farmers  from  whom  records  were 
obtained  was  2.7  cargas  per  manzana  for  the  winter  crop  and  2.0 
cargas  for  the  summer  crop.  Yield  per  manzana  for  the  two  crops 
was  13.1  and  9.7  cargas,  respectively.  The  ratio  of  amount  har- 
vested to  seed  planted  was  4.85  to  1  for  each  crop.  This  is  only 
one-half  to  one-third  the  ratio  in  North  America. 

Fertilizer. — Fertilizer  was  used  on  potatoes  on  all  farms  studied. 
A  number  of  analyses  were  used.  The  one  used  by  the  largest  num- 
ber of  farmers  was  8-30-6.  Normally  1,500  to  2,000  pounds  of 
fertilizer  were  used  per  manzana.  In  addition  to  a  complete  ferti- 
lizer, about  50  per  cent  of  the  farmers  applied  a  small  amount  of 
nitrogen  to  their  crop  in  the  form  of  foliar  sprays. 

Materials  for  Disease  and  Insect  Control. — All  farmers  make 
some  effort  to  control  plant  diseases  (mainly  late  blight,  or  man- 
cha).  Many  do  not  attempt  to  control  insects.  All  materials  are 
applied  as  spray,  normally  with  a  5-gallon  knapsack  hand  sprayer. 
The  kind  and  severity  of  diseases  and  insect  infestations  vary  with 
elevation,  season  of  production,  and  variety.  Usually  the  problem 
of  control  is  more  difficult  for  the  winter  than  for  the  summer  crop. 

All  farmers  from  whom  records  were  obtained  who  grew  a  winter 
crop  of  potatoes  used  fungicides,  but  only  50  per  cent  used  insecti- 
cides. Various  kinds  and  combinations  of  materials  were  used,  such 
as  Ditano,  Manzate,  and  Parzate.  The  winter  crop  received  an  aver- 
age of  about  eight  sprayings  and  the  summer  crop  seven.  Amount 
of  material  applied  was  approximately  eleven  pounds  per  manzana 
per  spraying  for  the  winter  crop  and  nine  pounds  for  the  summer 
crop. 

Labor  Used  in  Production  and  Harvesting 

Since  most  operations  for  potatoes  are  performed  by  hand,  hours 
of  labor  per  manzana  are  high.  Farmers  who  supplied  data  for  the 
1957-58  season  estimated  they  used  673  hours  of  man  labor  per 
manzana  in  producing  the  winter  crop  and  647  hours  on  the  sum- 
mer crop.  These  requirements  were  for  farms  on  which  oxen  only 
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were  used  for  power  and  where  spraying  was  done  with  a  knapsack 
hand  sprayer. 

The  three  operations  requiring  the  most  hours  of  labor  were 
spraying,  digging  potatoes,  and  classifying  them  into  size  groups. 
For  the  winter  crop,  slightly  over  two-fifths  of  the  man  labor  used 
in  production  was  spent  in  spraying;  one-fourth  of  all  labor  for 
production  and  harvesting  was  spent  in  spraying.  Digging  potatoes 
required  153  hours  of  labor  per  manzana;  and  classifying,  98  hours, 
or  a  little  over  8  hours  per  carga.  Labor  requirements  were  less  for 
the  summer  than  for  the  winter  crop  largely  because  control  of  dis- 
eases was  not  so  much  of  a  problem  and  fewer  hours  were  used  in 
spraying.  Yield  was  also  lower,  so  less  time  was  required  to  classify 
the  potatoes. 

Costs  and  Returns  per  Manzana 

The  cost  of  producing  a  manzana  of  potatoes  in  the  1957-58 
season,  based  on  data  collected,  was  $3,219  for  the  winter  crop 
and  $2,669  for  the  summer  crop.  On  both  crops,  seed  accounted 
for  about  one-third  of  the  total  costs;  fertilizer,  one-fifth,  and  spray 
materials,  12  to  15  per  cent.  Although  labor  requirements  were 
high  in  terms  of  hours,  value  of  labor  was  slightly  less  than  one-fifth 
of  the  total  cost  of  production.  Seed,  fertilizer,  spray  materials,  and 
labor  made  up  84  per  cent  of  the  total  cost  per  manzana  of  produc- 
ing winter  potatoes  and  86  per  cent  for  summer  potatoes. 

Production  per  manzana  was  11.7  and  9.3  cargas  for  the  winter 
and  summer  crops,  respectively.  The  winter  crop  was  valued  at 
$338  per  carga  and  the  summer  crop  at  $422.  Therefore,  the  value 
per  manzana  was  about  the  same  for  the  two  crops — $3,961  for 
the  winter  crop  and  $3,928  for  the  summer  crop.  Net  returns  per 
manzana,  or  difference  between  total  value  and  total  costs,  were 
$742  for  the  winter  crop  and  $1,260  for  the  summer  crop.  This 
was  an  average  return  of  $63  and  $135  per  carga  for  the  two 
periods.  Value  placed  on  labor  in  calculating  costs  of  production 
was  approximately  $0.8  per  hour.  Returns  to  labor  per  manzana 
were  $1,307  for  the  winter  crop  and  $1,761  for  the  summer 
crop;  or  a  return  per  hour  of  $1.94  and  $2.72  for  the  two  crops, 
respectively. 
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Reducing  Cost  of  Production 

Other  than  reduction  of  hours  of  labor  used  and,  consequently, 
of  cost  of  labor,  there  appears  to  be  little  opportunity  to  reduce 
total  cost  of  producing  potatoes.  In  fact,  a  higher  level  of  produc- 
tion practices  should  probably  be  used.  Increasing  the  level  of  prac- 
tices would  increase  total  cost  of  production,  but  the  corresponding 
increase  in  output  should  be  large  enough  to  decrease  per  unit  cost 
and  thus  increase  net  returns.  As  indicated  earlier,  the  ratio  of 
seeds  planted  to  production  is  only  4.85  to  1  as  compared  to  a 
ratio  of  10-15  to  1  in  the  United  States. 

Labor  for  growing  potatoes  could  be  reduced  if  farmers  would 
use  simple  machinery  where  possible.  The  two  operations  that  offer 
the  greatest  possibility  for  reducing  man  labor  are  spraying  and 
classifying  the  potatoes  into  size  groups.  Farmers  who  use  knap- 
sack sprayers  equipped  with  motors  estimated  they  reduced  labor 
for  spraying  by  at  least  half.  They  also  reduced  the  amount  of 
water  required  to  spray  a  manzana  since  a  spray  of  a  higher  con- 
centration was  normally  applied.  One  farmer  said  that  by  using  a 
motor  sprayer  he  reduced  his  cost  of  spraying  20  per  cent.  A  major 
problem  in  the  use  of  a  motor  sprayer  is  the  increased  capital 
needed.  A  5-gallon  hand  sprayer  costs  about  $250  and  a  motor 
sprayer  $900  to  $980,  or  about  four  times  as  much. 

Labor  required  for  classifying  potatoes  could  be  reduced  about 
three-fourths  by  the  use  of  a  machine.  There  are  a  number  of  rea- 
sons why  such  equipment  is  not  used,  the  most  important  probably 
being  its  cost  and  the  fact  that  it  is  not  available  in  Costa  Rica. 
On  the  other  hand,  potatoes  produced  are  not  uniform  in  shape  and 
are  often  affected  by  second  growths,  which  would  reduce  the 
efficiency  of  machine  classification.  There  also  appears  to  be  a 
prejudice  on  the  part  of  both  growers  and  buyers  to  machine 
classification.  Farmers  also  feel  that  it  would  be  more  difficult  to 
select  seed  potatoes  if  a  machine  was  used.  Seed  potatoes  are 
normally  selected  at  the  time  the  potatoes  are  classified  into  size 
groups. 

Marketing  Practices  and  Methods  of  Selling 
Cartago  is  the  main  farmer's  market  for  potatoes  in  Costa  Rica. 
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Many  of  the  sales  practices  in  use  are  based  on  tradition  and  have 
been  followed  for  generations.  The  wholesale  market  day  is  Sun- 
day morning  of  each  week.  Buyers  visit  the  market  to  buy  potatoes 
for  sale  in  San  Jose  or  other  markets.  Buyers  at  the  Cartago  market 
usually  assemble  the  potatoes  from  the  producer  and  wash  and  pre- 
pare them  for  market.  They  may  sell  the  potatoes  they  purchase  to 
wholesale  buyers  in  markets  such  as  San  Jose,  sell  directly  to  hotels, 
cafes,  etc.,  or  sell  to  a  retailer  who  sells  to  consumers.  Some  buyers 
operate  their  own  wholesale  and  retail  outlets. 

A  farmer  desiring  to  sell  at  Cartago  takes  to  the  market  a  sample 
of  3  to  5  potatoes  of  each  size  classification  he  wishes  to  offer.  His 
first  step  in  marketing  is  to  obtain  as  much  information  as  possible 
through  informal  conversations  with  other  producers  in  regard  to 
varieties  and  prices  of  potatoes  being  offered  for  sale.  This  same 
action  is  taken  by  buyers,  but  they  also  have  a  knowledge  of  prices 
and  the  market  situation  in  San  Jose  or  other  markets.  The  farmer 
shows  his  sample  of  potatoes  to  various  buyers  until  he  obtains  an 
offer  he  is  willing  to  accept.  When  a  sale  is  made,  the  buyer  agrees 
to  buy  a  stated  number  of  cargas  of  a  designated  variety  and  size 
classification.  The  seller  is  not  paid  for  the  potatoes  the  day  the 
sale  is  made  but  is  usually  paid  the  following  Sunday.  A  buyer  nor- 
mally purchases  only  the  amount  of  potatoes  he  needs  for  the 
current  week. 

Assembling,  Washing,  and  Preparing  for  Market 

Buyers  wash  and  prepare  the  potatoes  for  market.  Most  buyers 
have  wash  houses  either  in  Cartago  or  in  small  settlements  in  the 
potato-growing  area.  A  few  have  their  wash  houses  located  in  towns 
where  they  sell  potatoes,  such  as  Alajeula,  for  example.  When  a 
sale  is  made  it  is  indicated  when  the  buyer  will  take  delivery  of  the 
potatoes.  In  most  cases  the  buyer  accepts  delivery  at  the  farm,  or 
at  a  designated  point  if  it  is  too  difficult  for  a  truck  to  be  driven  to 
the  seller's  farm.  The  potatoes  are  packed  in  bags  supplied  by  the 
buyer,  normally  225  pounds  to  a  bag.  The  main  sales  days  for 
potatoes  in  San  Jose  are  Tuesday  and  Friday.  This  means  that 
Monday  and  Thursday  are  the  most  important  days  for  collecting 
and  washing  potatoes. 
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Potatoes  are  washed  by  hand.  About  four  bags  of  the  same  size 
classification  are  poured  in  a  trough  about  half  full  of  water.  The 
potatoes  are  stirred  back  and  forth  with  sticks  with  rounded  pad- 
dles on  the  end,  and  when  clean  they  are  placed  in  wire  baskets. 
Clean  water  is  poured  over  the  baskets  to  rinse  off  any  loose  dirt 
or  trash,  and  the  potatoes  remain  in  the  baskets  15  to  30  minutes 
to  allow  surplus  water  to  drain  off.  They  are  then  spread  out  to  dry. 
If  the  weather  is  fair,  they  may  be  placed  in  the  sunshine  on  sacks 
spread  on  the  ground.  In  rainy  weather,  they  are  allowed  to  dry  on 
the  floor  in  a  building. 

When  the  potatoes  are  dry  they  are  picked  up  and  placed  in  bags 
ready  for  the  market.  Before  they  are  bagged,  recognizable  dis- 
eased and  cull  potatoes  are  removed.  Potatoes  of  odd  shapes  and 
sizes  and  those  containing  noticeable  defects  are  also  removed  and 
packed  in  separate  bags  to  be  sold  at  a  lower  price.  Bags  used  in 
marketing  are  the  same  size  as  those  used  to  haul  the  potatoes  from 
the  farm.  They  are  packed  to  contain  225  pounds.  The  size  classifi- 
cation of  each  lot  of  potatoes  is  that  made  by  the  individual  farmer 
at  time  of  harvest.  Since  classification  is  by  hand,  there  is  consider- 
able variation  in  potatoes  from  different  growers  and  also  from  the 
same  grower  at  different  periods  of  the  year. 

The  most  important  market  for  potatoes  is  San  Jose.  The  whole- 
sale market  operates  mainly  between  3  and  6  a.m.  on  Tuesdays  and 
Fridays.  The  potatoes  are  hauled  to  the  market  on  trucks  which  are 
parked  in  the  market,  and  sales  are  made  directly  from  them.  When 
a  sale  is  made,  the  bags  of  potatoes  are  carried  to  the  purchaser's 
place  of  business,  usually  on  a  worker's  back  or  by  hand  carts. 
Some  of  the  buyers  in  Cartago  have  agreements  to  ship  a  given 
amount  of  potatoes  each  week  to  merchants  in  distant  towns,  such 
as  Port  Limon  and  Puntarenas.  Potatoes  to  be  shipped  are  not 
washed  because  washing  hastens  spoilage. 

Cost  of  Assembling  and  Preparing  for  Market 

Buyers  who  buy  potatoes  from  farmers  at  Cartago  and  prepare 
them  for  sale  perform  certain  services  and  also  incur  certain  risks 
in  the  marketing  process.  They  have  both  direct  and  indirect  costs. 
Direct  costs  include  hauling  the  potatoes  from  the   farm  to  the 
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wash  house,  washing  and  preparing  them  for  market,  and  hauling 
them  to  the  market.  Indirect  costs  include  grading  out  potatoes  that 
are  not  salable  and  placing  potatoes  in  a  lower  grade.  Fluctuations 
in  market  prices  also  affect  the  costs. 

Most  buyers  do  not  own  trucks.  They  pay  truckers  to  haul  the 
potatoes  from  the  farm  to  the  wash  house  and  also  to  market.  Cost 
of  hauling  to  the  wash  house  varies  with  the  distance  and  accessi- 
bility of  the  farms.  The  charge  may  be  as  much  as  $15  or  more 
per  carga  but  it  averages  about  $10.  Hauling  potatoes  from  the 
wash  houses  to  San  Jose  averages  about  $8  per  carga. 

Cost  of  washing  potatoes  varies  with  the  period  of  the  year.  It 
requires  from  5  to  10  hours  of  man  labor  to  wash  and  grade  a 
carga  of  potatoes.  Cost  of  washing  varies  from  $7  to  $10  per 
carga.  Some  of  the  buyers  employ  labor  for  washing  potatoes  on  a 
regular  basis,  even  though  the  volume  handled  varies  considerably 
from  week  to  week. 

The  amount  of  diseased  and  culled  potatoes  removed  at  time  of 
washing  depends  on  the  season  of  the  year  and  the  condition  of  the 
potatoes.  The  amount  ranges  from  50  to  200  pounds  but  averages 
about  100  pounds  per  carga.  In  addition,  about  50  pounds  per 
carga  of  potatoes  of  odd  shapes  and  noticeable  defects  are  packed 
separately  and  sold  at  a  lower  price. 

Under  normal  conditions,  if  a  buyer  paid  $500  for  a  carga  of 
potatoes,  those  salable  after  washing  and  grading  would  bring  him 
about  $550.  His  expenses  for  hauling,  washing,  and  preparing  the 
potatoes  for  market  would  average  about  $25,  which  would  leave 
him  only  about  $25  per  carga  to  cover  other  expenses,  profit  from 
buying  and  selling  the  potatoes,  and  any  losses  that  might  be  suf- 
fered due  to  fluctuations  in  market  prices. 

Movement,  Volume,  and  Prices 

To  obtain  data  on  movement  of  potatoes  and  prices  at  various 
levels,  arrangements  were  made  with  four  buyers  at  Cartago  to 
supply  information  on  total  cargas  purchased  each  week  of  potatoes 
of  various  varieties  and  classes,  prices  paid  to  growers,  and  amount 
of  loss  in  washing  and  preparing  the  potatoes  for  market.  Arrange- 
ments were  also  made  with  four  retailers  on  the  San  Jose  market 
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to  supply  weekly  information  on  amount  of  potatoes  purchased  at 
wholesale  by  variety  and  class,  prices  paid  at  wholesale,  and  retail 
prices  to  consumers. 

Collection  of  data  from  buyers  on  the  Cartago  market  started 
the  week  beginning  December  28,  1958,  and  terminated  after  the 
week  ending  April  18,  1959.  Information  was  obtained  from  re- 
tailers at  San  Jose  for  a  period  of  50  weeks — for  the  week  begin- 
ning November  3,  1958,  to  the  week  ending  October  17,  1959. 
These  records  form  the  basis  for  this  discussion. 

Pattern  of  Movement 

As  indicated  earlier,  some  potatoes  are  harvested  each  month  of 
the  year,  but  the  main  harvest  is  in  September,  October,  and 
November  (first  planting  or  winter  crop).  The  second  important 
harvest  period  is  in  March,  April,  and  May  (second  planting  or 
summer  crop ) .  Since  potatoes  are  normally  not  held  on  the  farm  for 
more  than  60  days  after  harvest,  the  volume  offered  for  sale  varies 
roughly  with  the  amount  harvested  at  different  seasons. 

Purchases  of  potatoes  by  the  four  retailers  on  the  San  Jose 
market  were  summarized  by  biweekly  periods.  Amount  of  pur- 
chases increased  slowly  from  the  early  part  of  November  and 
reached  a  peak  about  the  last  two  weeks  in  December  (Fig.  1 ) .  After 
a  decline,  purchases  were  about  the  same  in  February  and  March. 
They  declined  to  a  lower  level  in  April,  May,  and  June  but  did  not 
fluctuate  much  from  period  to  period.  July  was  the  month  when 
volume  handled  was  least.  Amount  of  purchases  began  to  increase 
the  latter  part  of  August,  due,  no  doubt,  to  the  beginning  of  the 
harvest  of  the  winter  crop. 

Data  on  purchases  from  period  to  period  by  the  four  retailers 
show  something  of  the  variation  at  different  seasons  of  the  year. 
During  the  two-week  period  ending  December  27,  approximately 
499  quintals  of  potatoes  were  purchased.  This  was  3.1  times  the 
162  quintals  handled  during  the  two  weeks  ending  July  11.  How- 
ever, amount  of  purchases  did  not  show  a  second  peak  during 
March,  April,  and  May — the  period  of  harvest  for  the  summer 
crops.  This  appeared  to  be  contrary  to  the  opinion  of  local  farmers, 
buyers,  and  others  associated  with  the  potato  industry. 
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Fig.  1.  Total  Amount  and  Amount  by  Varieties  of  First  Class  Potatoes  Pur- 
chased, Selected  Retailers,  San  Jose  Market,  Biweekly  Periods,  November  3,  1958, 
to  October  17,  1959 


Volume  Handled  per  Week  by  Buyers  and  Sellers 

Because  of  the  way  potatoes  are  handled  in  Costa  Rica,  volume 
handled  per  week  by  buyers  and  sellers  is  small.  During  the  15 
weeks  for  which  data  were  obtained  from  the  four  buyers  at  Cartago, 
they  purchased  953  cargas  of  potatoes — an  average  of  63.5  cargas 
per  week,  or  15.9  cargas  per  buyer.  Amount  of  purchases,  however, 
ranged  from  a  low  of  8.6  cargas  per  buyer  per  week  to  a  high  of 
21  cargas. 

The  four  retailers  on  the  San  Jose  market  handled  an  average  of 
about  35  quintals  of  potatoes  per  week.  The  one  handling  the 
smallest  volume  averaged  only  about  14  quintals  per  week.  This 
compared  to  56  quintals  for  the  retailers  handling  the  largest 
volume. 

Because  of  the  wide  fluctuation  in  amount  of  potatoes  offered  for 
sale  at  different  seasons  of  the  year,  there  is  also  a  wide  variation 
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in  amount  of  potatoes  handled  by  the  retailer.  The  retailer  han- 
dling the  largest  volume  of  potatoes  purchased  an  average  of  141 
quintals  per  week  during  the  two-week  period  ending  January  10 
but  only  22  quintals  per  week  during  the  two-week  period  ending 
July  11.  The  one  handling  the  smallest  volume  of  potatoes  varied 
from  a  high  of  22.5  quintals  per  week  during  the  two-week  period 
ending  January  10  to  8.5  quintals  per  week  during  the  period 
ending  May  30. 

Data  on  volume  handled  per  week  by  buyers  at  Cartago  and 
retailers  on  the  San  Jose  market  indicate  that  one  reason  for  the 
many  handlers  of  potatoes  is  the  small  volume  per  handler.  Since 
these  people  normally  handle  only  potatoes,  the  data  point  up  the 
problems  of  obtaining  an  adequate  income  and  the  wide  fluctuation 
in  income  at  different  periods  of  the  year. 

Wholesale  and  Retail  Price 

During  the  period  November  3,  1958,  to  October  17,  1959,  the 
four  retailers  studied  paid  an  average  of  $31.75  per  quintal  for 
potatoes  they  purchased  from  wholesalers  on  the  San  Jose  market. 
The  average  price  for  the  Estrella  variety  was  $32.55  per  quintal. 
This  amount  was  $5.15  per  quintal  less  than  the  average  price  for 
the  Kennebec  variety  but  $1.95  more  than  that  for  the  Morada 
Blanca  variety  and  $2.45  more  than  for  Morada  Negra. 

The  most  common  unit  of  sale  at  retail  is  a  measure  called  a 
quartillo,  which  weighs  seven  pounds.  During  the  period  studied, 
the  average  price  at  retail  was  $2.50  per  quartillo.  Retail  price 
varied  by  varieties  averaging  $3.05  per  quartillo  for  Kennebec, 
$2.55  for  Estrella,  $2.40  for  Morada  Blanca,  and  $2.35  for  Morada 
Negra. 

Both  wholesale  and  retail  prices  fluctuated  widely  throughout  the 
year.  Prices  at  both  levels  tended  to  increase  from  the  early  part  of 
November  to  the  middle  of  March.  They  dropped  from  the  middle 
of  March  until  the  middle  of  May  and  then  increased  until  about 
the  middle  of  June.  The  most  rapid  decline  in  prices  was  from  the 
last  of  June  until  the  early  part  of  September.  The  highest  average 
price  at  wholesale  was  $45.10  per  quintal  for  all  varieties  for  the 
two-week  period  ending  June   14.  This  compared  to  only  $16.55 
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per  quintal  for  the  two-week  period  ending  September  5,  or  a  dif- 
ference between  the  low  and  high  price  of  172  per  cent. 

Despite  fluctuations  in  prices  at  different  seasons  of  the  year, 
differences  in  prices  between  varieties  were  fairly  constant  from 
period  to  period.  This  was  true  for  both  wholesale  and  retail  prices. 
Relative  fluctuations  in  prices  at  wholesale  and  retail  from  period 
to  period  were  almost  identical.  That  is,  a  change  in  the  price  paid 
at  wholesale  by  a  retailer  was  reflected  immediately  in  a  similar 
relative  change  in  the  price  at  retail  to  the  consumer.  This  is  con- 
trary to  the  opinion  that  appears  to  be  held  by  many  people  in 
Costa  Rica.  In  fact,  some  would  argue  that  retail  prices  change  very 
little  although  there  are  wide  fluctuations  in  prices  at  wholesale. 

Relation  between  Supply  and  Price. — In  the  analysis  of  the  data 
obtained  from  retailers  on  the  San  Jose  market,  it  was  assumed  that 
the  variation  in  the  total  amount  of  potatoes  purchased  by  those 
cooperating  in  the  study  represented  variations  in  the  total  supply 
of  potatoes  offered  for  sale  on  the  market  at  different  seasons  of 
the  year.  It  was  also  assumed  that  the  average  of  prices  for  the 
four  cooperators  at  wholesale  and  retail  at  different  periods  of  the 
year  represented  the  average  wholesale  and  retail  prices  for  pota- 
toes in  the  market. 

A  comparison  was  made  of  the  fluctuation  in  amount  of  potatoes 
purchased  during  each  two-week  period  and  the  average  price  at 
retail  for  all  varieties  (Fig.  2).  These  data  did  not  show  the  usual 
expected  price-quantity  relationship.  During  November,  December, 
and  the  first  half  of  January  price  at  retail  increased  although 
there  was  a  big  increase  in  volume  of  potatoes  sold.  The  retail 
price  dropped  from  the  last  of  March  to  the  middle  of  May  and 
then  increased  to  the  early  part  of  July  when  there  were  only  small 
fluctuations  in  the  volume  of  potatoes  sold.  Lowest  retail  prices  oc- 
curred in  September  and  October  although  the  amount  of  potatoes 
sold  during  this  period,  was  only  a  little  more  than  one-half  the  peak 
volume  in  the  last  half  of  December  and  the  first  half  of  January. 

Relation  between  amount  of  potatoes  sold  and  retail  prices  would 
tend  to  indicate  that  at  different  seasons  of  the  year  there  were 
factors  causing  a  shift  in  demand,  such  as  fluctuation  in  personal 
income,  increased  competition  from  other  products,  or  other  factors. 
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Fig.  2.  Indexes  of  Retail  Price  for  All  Varieties  and  Amount  of  Potatoes 
Purchased  at  Wholesale,  Selected  Retailers,  San  Jose  Market,  Biweekly  Periods, 
November  3,  1958,  to  October  17,  1959 

(November  3,  1958,  to  October  17,  1959  =  100) 


Potatoes  in  Costa  Rica  are  relatively  high  in  price  and  many  peo- 
ple consider  them  somewhat  of  a  luxury.  Personal  incomes  of  con- 
sumers are  probably  highest  towards  the  end  of  the  year  when  the 
coffee  harvest  is  in  progress,  and  during  this  period  families  no 
doubt  increase  their  purchases  of  food,  including  potatoes.  Before 
the  coffee  harvest  starts,  incomes  of  many  families  are  at  their 
lowest  levels.  To  sell  potatoes  the  price  must  be  relatively  low. 
Some  dealers  attributed  the  fluctuation  in  prices  from  March  to 
June  partly  to  competition  from  avocados.  Whatever  the  reason, 
the  data  indicate  that  there  appear  to  be  factors  other  than  a  change 
in  supply  that  cause  a  change  in  the  price  of  potatoes. 

Gross  Margin  and  Earning  of  Retailers. — Gross  margin  or  spread 
was  obtained  by  subtracting  the  cost  of  the  potatoes  at  wholesale 
from  the  estimated  gross  retail  value  based  on  the  price  at  retail. 
During  the  50  weeks  that  records  were  obtained,  gross  spread  for 
all  varieties  averaged  $3.95  per  quintal,  or  an  average  spread  of 
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12.5  per  cent  above  the  wholesale  price.  Out  of  this  amount,  the 
retailer  had  to  cover  losses  due  to  unsalable  potatoes  or  those  sold 
at  a  reduced  price,  direct  expenses,  and  net  earnings. 

One  significant  fact  about  the  amount  of  the  gross  margin  was 
the  tendency  for  it  to  be  a  more  or  less  fixed  amount  per  quintal 
from  period  to  period.  It  did  not  tend  to  change  with  fluctuations 
in  the  amount  of  potatoes  sold  or  with  variations  in  the  price  at 
retail.  This  fact  no  doubt  partly  accounts  for  the  feeling  that  the 
middleman  is  the  one  that  makes  "all  the  profits."  From  a  percent- 
age standpoint,  the  markup  is  much  more  when  prices  are  low  than 
when  they  are  high.  With  the  exception  of  2x/2  months  from  the  last 
half  of  November  to  the  early  part  of  January,  the  amount  of  pota- 
toes sold  from  period  to  period  varied  much  less  than  the  price  of 
potatoes.  This  may  partly  explain  why  gross  margin  is  more  or  less 
constant,  for  the  people  selling  potatoes  are  probably  striving  for 
about  the  same  gross  income  per  week. 

As  indicated  earlier,  the  retailer  selling  the  least  potatoes  sold 
about  14  quintals  per  week  and  the  retailer  selling  the  most  about 
56  quintals.  Based  on  the  average  gross  margin,  the  retailer  with 
low  sales  would  have  gross  earnings  of  slightly  over  $50  per  week 
and  the  one  with  high  sales  about  $225.  From  this  amount,  rent, 
taxes,  hired  labor,  if  any,  and  all  other  expenses  must  be  sub- 
tracted to  obtain  net  earnings.  Retailers  generally  keep  their  stands 
open  68  hours  per  week.  At  a  minimum  wage  of  $1.25  per  hour, 
a  worker  would  expect  to  earn  $85  per  week  for  this  amount  of 
work,  without  furnishing  any  capital  or  incurring  any  expenses. 

Problems  of  Production  and  Marketing 
Heview 

There  are  many  difficult  problems  in  the  production  and  mar- 
keting of  potatoes  in  Costa  Rica.  Although  some  production  is 
harvested  each  month  of  the  year,  the  bulk  of  the  winter  crop  is 
harvested  in  September,  October,  and  November  and  of  the  sum- 
mer crop  in  March,  April,  and  May.  Potatoes  are  not  normally  held 
on  the  farm  longer  than  about  two  months.  As  a  result,  there  is  a 
wide  fluctuation  in  the  amount  of  potatoes  offered  for  sale  in  differ- 
ent months  of  the  year.  This,  together  with  variations  in  income  of 
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consumers,  results  in  a  wide  variation  in  prices  paid  the  farmer 
and  at  the  retail  level. 

With  the  exception  of  land  preparation,  most  of  the  production 
and  harvesting  operations  are  performed  by  hand.  Hours  of  labor 
per  manzana  are  high.  The  topography  of  the  land  on  which  pota- 
toes are  grown  varies  from  rolling  to  steep;  this  increases  labor 
requirements  and  also  the  difficulty  of  performing  operations.  Many 
of  the  soils  have  been  used  for  producing  potatoes  for  years  and 
are  infested  with  diseases,  especially  B.  solanacearum  at  lower 
elevations.  Whole  potatoes  1  to  2  ounces  in  size  are  used  for  seed. 
Farmers  normally  select  their  planting  seed  year  after  year  from 
their  own  production.  Much  of  the  seed  planted  is  infected  with 
viruses  and  other  diseases.  Research  data  on  the  most  desirable 
fertilization  and  other  production  practices  are  limited.  Programs 
followed  to  control  plant  disease  and  insects  are  usually  not  ade- 
quate. Potatoes  produced  often  are  of  low  quality  with  many  of 
the  tubers  rough,  odd-shaped,  and  affected  with  second  growths. 
Many  of  the  potatoes  harvested  have  to  be  culled  because  of 
diseases. 

The  marketing  system  is  based  largely  on  tradition.  The  small 
amount  handled  by  individual  buyers  and  sellers  increases  the  num- 
ber of  handlers  between  producers  and  consumers  and  also  the 
cost  per  unit  for  marketing  the  product.  Wholesale  and  retail  mar- 
kets in  towns  such  as  San  Jose  are  poorly  organized  and  very  con- 
gested, which  greatly  reduces  efficiency  and  adds  to  the  cost  of 
handling  products  through  them.  Handlers  operate  on  a  more  or 
less  fixed  margin  per  unit.  This  makes  it  appear  that  their  earn- 
ings are  excessively  large,  especially  when  prices  are  low.  However, 
gross  earnings  are  only  moderate  and  are  in  line  with  people  per- 
forming similar  services.  The  amount  of  the  margins  tends  to  be 
dictated  more  by  the  high  cost  and  large  losses  inherent  in  the 
present  system  of  marketing  rather  than  by  the  excessive  profits 
being  made  by  the  people  performing  the  marketing  services. 

Efficiency  of  producing  and  marketing  potatoes  can  be  im- 
proved. To  obtain  some  of  the  desired  improvements,  however, 
will  involve  changes  in  methods  and  the  marketing  system  that  are 
impossible  to  obtain  at  the  present  time.  The  first  step  to  reduce 
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cost  in  marketing  and  increase  returns  to  growers  is  to  increase 
efficiency  of  production  and  to  improve  quality  in  order  to  make  it 
possible  for  producers  to  receive  higher  net  returns  and  at  the 
same  time  provide  the  consumer  with  a  better  product  at  the  same 
or  a  lower  price. 

Recommendations 

Some  specific  suggestions  for  developing  a  program  to  improve 
the  potato  situation  in  Costa  Rica  follow: 

1.  Increase  the  amount  of  improved  seed  available  to  growers. 
Many  of  the  production  problems  and  also  low  yields  and  quality 
of  potatoes  produced  at  the  present  time  stem  from  planting  low 
quality  and  often  diseased  seed.  The  Agronomy  Department  of  the 
MAI  and  the  Consejo  Nacional  de  Produccion  have  a  cooperative 
program  to  obtain  and  distribute  high-quality  seed.  These  organi- 
zations are  to  be  complimented  on  the  desirability  of  their  objec- 
tives. However,  up  to  the  present  time,  the  program  has  provided 
only  a  small  quantity  of  improved  seed.  The  fact  that  whole  seed, 
1  to  2  ounces  in  size,  are  planted  makes  the  job  harder.  It  is  diffi- 
cult to  increase  the  supply  of  local  seed  of  desired  varieties  since 
only  about  enough  small  potatoes  are  produced  on  a  manzana  to 
plant  an  additional  manzana.  Planting  the  large-size  potatoes  in- 
creases the  cost  of  the  seed  to  more  than  the  grower  is  able  to  pay. 

Since  the  need  for  improved  seed  appears  so  basic  in  improving 
the  potato  situation,  the  following  suggestions  appear  desirable: 

a.  Review  requirements  of  present  program  of  seed  production  to  see 
if  changes  or  improvements  are  needed  or  desirable. 

b.  Place  the  responsibility  of  developing  and  supervising  the 
program  in  the  hands  of  one  individual,  with  this  job  as  his  major 
responsibility. 

c.  Initiate  a  program  of  research  on  the  effects  of  size  and  spacing 
of  whole  and  cut  seed  on  yields  and  returns. 

2.  Intensify  program  to  educate  producers  to  follow  recom- 
mended production  practices.  Producers  are  often  slow  to  change 
practices  because  of  the  uncertainty  of  the  results.  Demonstrations 
are  often  an  effective  way  to  introduce  a  new  practice.  If  a  grower 
sees  the  result  of  a  practice  in  his  own  area  he  is  more  likely  to  try 
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it,  especially  if  it  can  be  shown  that  such  a  practice  will  increase 
net  returns. 

3.  Encourage  growers  to  plant  seed  free  of  brown  rot  (Maya) 
in  areas  where  this  disease  is  a  problem.  Brown  rot  is  a  serious 
problem  in  most  of  the  potato  areas  below  2,200  meters.  To  reduce 
losses  in  these  areas,  the  seed  planted  should  be  free  of  brown  rot. 
Farmers  should  attempt  to  obtain  their  seed  for  each  planting  from 
areas  that  are  free  of  the  disease. 

4.  Encourage  increased  use  of  simple  equipment  and  also  use 
more  effective  equipment  where  possible.  Physical  factors  make  the 
use  of  equipment  difficult.  At  times  farmers  fail  to  make  use  of 
equipment  even  when  it  is  available  and  could  be  used  to  do  an 
effective  job.  To  increase  efficiency  and  reduce  cost  of  production, 
farmers  should  be  taught  and  encouraged  to  use  equipment  where 
conditions  lend  themselves  to  its  use. 

5.  Experiment  with  the  production  of  potatoes  in  new  areas. 
The  population  of  Costa  Rica  is  growing  very  rapidly.  Increasing 
the  production  of  food  to  meet  future  demands  will  be  difficult  in 
present  production  areas.  Experiments  should  be  conducted  for 
potatoes  and  other  crops  in  areas  where  they  can  likely  be  grown 
to  determine  the  best  areas  in  which  to  increase  production. 

6.  Consider  the  possibility  of  establishing  definite  grade  stand- 
ards for  potatoes.  At  present,  there  are  no  definite  grade  standards 
for  products  grown  in  Costa  Rica.  This  makes  marketing  more 
difficult,  for  neither  the  buyer  nor  the  seller  has  an  improved  stand- 
ard by  which  to  judge  the  product.  Establishment  of  grade  stand- 
ards will  be  one  necessary  step  if  an  effort  is  made  to  develop  an 
export  market  for  potatoes. 

Summary 

Potatoes  are  grown  in  Costa  Rica  mainly  on  the  southwest  slope 
of  the  Irazii  Mountain  at  elevations  of  1,700  to  3,000  meters.  A 
small  production  is  in  the  vicinity  of  Zarcero.  Production  was  esti- 
mated at  153,520  quintals  in  1950  and  194,089  quintals  in  1955. 

Production  of  potatoes  per  capita  is  about  20  pounds  per  year. 
Only  about  14  pounds  per  capita  are  available  for  human  consump- 
tion since  about  30  per  cent  of  the  annual  production  is  used  for 
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seed,  fed  to  livestock,  or  culled.  About  3  to  4  per  cent  of  the  per 
capita  consumption  is  in  the  form  of  potato  chips. 

The  topography  of  the  land  in  which  potatoes  are  grown  varies 
from  slightly  rolling  to  steep.  Many  of  the  soils  are  infested  with 
diseases.  Much  of  the  seed  stock  is  infested  with  virus  and  other 
diseases  since  year  after  year  farmers  normally  plant  seed  selected 
from  their  own  production.  Most  of  the  production  operations  are 
performed  by  hand.  Programs  for  the  control  of  insects  and  dis- 
eases are  inadequate.  Potatoes  produced  often  are  of  low  quality 
with  many  of  the  tubers  rough,  odd-shaped,  and  affected  with 
second  growth.  The  ratio  of  the  amount  of  seed  planted  to  produc- 
tion is  about  4.85  to  1. 

The  marketing  system  is  based  largely  on  tradition.  The  volume 
handled  by  individual  buyers  and  sellers  is  small.  Wholesale  and 
retail  markets  in  the  larger  towns  are  poorly  organized  and  very 
congested,  which  reduces  efficiency  and  adds  to  the  cost  of  han- 
dling products  through  them. 

Potatoes  are  harvested  each  month  of  the  year  but  the  largest 
harvest  is  in  September,  October,  and  November.  Potatoes  are  nor- 
mally not  held  on  the  farm  longer  than  60  days,  so  the  volume 
marketed  fluctuates  fairly  closely  with  the  volume  harvested.  The 
peak  period  of  sales  is  in  the  last  half  of  December  and  the  first 
half  of  January.  The  volume  of  this  period  is  about  three  times  the 
low  volume  that  occurs  in  the  first  half  of  July. 

The  prices  of  potatoes  at  wholesale  and  retail  follow  about  the 
same  pattern  throughout  the  year.  The  difference  in  price  between 
varieties  is  also  fairly  constant.  Prices  normally  increase  from  the 
early  part  of  November  until  the  middle  of  March.  They  drop  from 
the  middle  of  March  to  the  middle  of  May  and  then  increase  until 
about  the  middle  of  June.  The  most  rapid  decline  in  prices  is  from 
the  last  of  June  until  the  early  part  of  September.  The  supply  of 
potatoes  is  a  factor  in  price.  Shifts  in  demand  during  the  year  due 
to  variation  in  amount  of  income  available  to  consumers  and  com- 
petition from  other  products  are  also  very  important  factors  affect- 
ing variation  in  prices  of  potatoes  from  period  to  period. 

The  gross  spread  between  wholesale  and  retail  prices  is  about 
$3.95  per  quintal.  Spread  is  more  or  less  constant  throughout  the 
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year.  Out  of  this  amount  the  retailer  has  to  pay  all  expenses,  cover 
any  losses  due  to  unsalable  potatoes,  and  receive  his  earnings.  This 
results  in  only  a  fairly  modest  income  for  most  retailers  since  vol- 
ume handled  is  not  large.  Earnings  also  fluctuate  widely  at  differ- 
ent periods  of  the  year  because  of  fluctuations  in  amount  of  potatoes 
sold. 
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Land  Tenure  and  Type  and  Size  of  Farm 


A 


griculture  is  the  basic  industry  in  Costa  Rica  and 
,the  principal  occupation  of  the  majority  of  the 
workers.  Continued  urban  growth  in  industry,  trades,  and  services 
depends  greatly  upon  an  efficient  and  healthy  agriculture.  To  date, 
only  a  few  research  studies  have  been  made  concerning  the  patterns 
of  activities  of  rural  people,  their  resources,  and  the  manner  in 
which  these  resources  are  organized  and  used. 

In  1960  the  MAI,  through  its  Office  of  Planning  and  Coordina- 
tion, initiated  a  study  of  two  particular  aspects  of  the  situation, 
namely:  (1)  the  drift  in  land  tenure  in  an  old  established  farming 
area  in  the  Meseta  Central,  and  (2)  the  associations  between  size 
of  farm,  type  of  farm,  and  farm  income  in  the  same  area  for  guid- 
ance in  possible  programs  in  land  settlement  and  colonization. 

Atenas  County  was  selected  for  the  over-all  study  as  representa- 
tive of  the  rural  communities  of  Costa  Rica  having  characteristics 
such  as  the  following: 

1.  Irregular  topography,  conducive  to  a  high  grade  of  erosion,  which 
makes  it  difficult  to  mechanize  farming. 

2.  Numerous  small  farms. 

3.  Reliance  upon  a  number  of  different  cash  crops. 

4.  Heavy  dependence  upon  hand  labor  and  human  power,  with  only 
a  limited  number  of  oxen  available  for  animal  power. 

5.  Very  high  demographic  growth. 

6.  Few  opportunities  for  employment  outside  the  farm. 

7.  Specific  system  of  inheritance  and  division  of  land  into  parcels. 

The  prevailing  type  of  agrarian  structure  is  considered  conducive 
to  the  following: 

1.  Increase  in  the  number  of  small  landholdings. 

2.  Unequal  distribution  of  property,  a  factor  which  tends  to  increase. 

3.  Limited  opportunities  for  rural  youth  to  begin  an  agricultural 
career  on  an  adequate  operational  scale. 

4.  A  numerous  class  of  workers  with  lower  levels  of  living  and  in- 
come than  those  families  who  own  land. 
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5.  A  tendency  toward  a  constant  decrease  in  the  size  of  farms  in- 
herited from  father  to  son. 

6.  Unsatisfactory  distribution  of  agricultural  income. 

7.  Increasing  economic  disadvantage  due  to  mechanization  of  com- 
peting areas. 

It  was  expected  that  the  study  not  only  would  produce  possible 
solutions  to  some  of  the  problems  of  agriculture  in  Atenas,  but 
would  also  create  sufficient  incentive  to  support  the  continuation 
of  studies  of  a  similar  nature. 

Atenas  County,  situated  west  of  the  Central  Plateau  and  south- 
west of  the  City  of  Alajuela,  has  an  area  of  approximately  17,700 
manzanas — the  equivalent  of  30,500  acres  (1.727  acres  per  man- 
zana ) . 

According  to  the  Statistical  Census  of  1955,  the  county  con- 
tained 782  farms  with  an  area  of  approximately  16,334  manzanas. 
The  average  size  of  farm  was  21  manzanas.  The  principal  crops 
in  terms  of  acreage  were  corn  and  beans,  with  small  acreages  in 
coffee,  rice,  and  sugar  cane. 

A  good  communication  and  transportation  system  exists  between 
the  area  and  the  centers  of  Alajuela,  Grecia,  and  San  Jose.  The  dis- 
tricts of  Barrio  Jesus  and  Concepcion  are  served  by  the  Pacific 
Railroad.  The  other  districts  have  roads  for  year-round  traffic. 

Atenas  County  has  a  population  of  approximately  12,000  in- 
habitants, with  a  51.8  per  cent  economically  active  population  be- 
tween the  ages  of  15  and  64. 

The  Mapa  Preliminar  de  Suelos  indicates  two  main  groups  of 
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soils  in  the  county.  The  first  and  most  extensive  is  the  red  laterite 
Aguacate  Series,  with  phases  that  range  from  uneven  to  mountain- 
ous. The  second  group,  less  extensive,  contains  lateritic  brownish 
red  soils  of  the  Grecia  Series,  with  phases  ranging  from  slightly 
hilly  to  steep  hills. 

Atenas,  situated  within  the  belt  of  the  dry  tropical  forest  and 
within  the  agricultural  grain  region,  has  an  annual  precipitation 
ranging  from  40  to  80  inches,  which  follows  the  same  general  pat- 
tern that  predominates  in  the  Meseta  Central  where  June,  Septem- 
ber, and  October  are  the  months  of  heaviest  rains. 

Changes  in  Occupation  and  in  Size  of  Landholdings 

A  cross  section  of  rural  households  in  Atenas  County  in  1959 
disclosed  the  existence  of  one  nonfarm  household  for  every  two 
farms.  This  represents  a  substantial  nonfarm  population  in  an 
essentially  agricultural  area. 

Among  the  heads  of  households  who  reported  their  father's 
occupation,  about  58  per  cent  were  sons  of  landowners  and  about 
31  per  cent  were  sons  of  peons.  Others  were  sons  of  renters  or 
carpenters. 

The  size  of  farms  of  landowning  fathers  had  been  large  in  com- 
parison to  those  of  their  sons  and  to  the  present  size  of  farms  in 
Alajuela  Province.  Where  the  farm  of  the  father  had  been  divided 
(or  sold  and  the  proceeds  of  sale  divided)  there  had  usually  been 
a  large  number  of  heirs,  which  meant  that  despite  the  larger  size 
of  the  father's  farm,  individual  inheritances  were  generally  very 
small.  Thus,  during  the  period  under  study,  there  has  been  a  sub- 
stantial subdivision  of  ownership  rights,  which  tends  in  itself  to  re- 
duce the  size  of  farms  and  develop  minifundia  in  Atenas  County. 
Individuals  who  had  increased  their  landholdings  over  and  above 
their  inheritances  were,  for  the  most  part,  current  owners  of  small 
landholdings  who  had  been  recipients  of  small  inheritances. 

Data  concerning  inheritance  status  and  size  of  landholdings  ap- 
pears to  give  further  evidence  that  the  eventual  decline  in  size  of 
farms  was  due  to  the  large  number  of  heirs  in  rural  families.  Opera- 
tors who  had  received  their  land  inheritance  owned  an  average  of 
17.4  manzanas  in  1959.  As  a  rule,  they  were  sons  of  fathers  who 
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earlier  had  the  larger  farms.  Prospective  inheritors,  as  well  as  their 
fathers,  averaged  smaller  landholdings  (13.8  manzanas).  Operators 
whose  fathers  had  not  been  landowners  owned  even  less  (9.5 
manzanas ) . 

Comparison  of  occupations  of  the  sons  who  remained  in  the 
area  with  those  of  the  father  indicated  a  slight  increase  in  the  rela- 
tive number  of  farmers  and  a  slight  decrease  in  the  relative  number 
of  peons. 

Farm  incomes  greatly  exceeded  nonfarm  incomes.  Since  more 
sons  of  farmers  than  sons  of  peons  were  farm  operators,  the  aver- 
age income  of  sons  of  farmers  exceeded  that  of  sons  of  peons. 

During  the  period  of  this  study,  the  doors  to  landownership  were 
sufficiently  open  to  permit  about  one-half  of  the  sons  of  peons  re- 
maining in  the  area  to  become  farmers.  Even  when  they  did  not 
become  farm  operators,  many  sons  of  peons  were  able  to  obtain 
above-average  nonfarm  income  by  virtue  of  more  workers  per 
household  and  higher  skills  among  some  of  its  members.  Sons  of 
landowners  who  for  one  cause  or  another  had  become  heads  of  non- 
farm  households  received  the  lowest  average  level  of  income  from 
work  as  laborers. 

The  records  give  no  evidence  of  large  holdings  of  idle  land 
(latifundia)  or  of  concentration  in  ownership  and  control  of  land. 
Rather,  present  holdings  even  of  inheritors  are  generally  .only  a 
fraction  of  the  previous  size  of  holdings  of  the  fathers. 

The  drift  in  size  of  landholdings  has  obvious  and  serious  implica- 
tions for  the  future  scale  and  efficiency  of  the  agriculture  of  the 
area  and  remedial  action  should  be  a  consideration  in  program 
planning  and  direction. 

Size  and  Type  of  Farm 

Size  and  type  of  farm  are  important  determinants  of  levels  of 
income  and  levels  of  living  of  farm  families.  In  many  parts  of  the 
world  governmental  programs  of  agrarian  reform  have  been  inau- 
gurated to  make  farms  more  suitable  in  size  and  type.  Measures 
adopted  have  included  credits  for  the  purchase  of  land,  technical 
assistance,  mechanisms  for  the  consolidation  of  fragmented 
holdings,     and     colonization     and     development    projects.     These 


Flue-cured  tobacco 
barns  in  Atenas 
County  are  replicas 
of  those  in  south- 
eastern United  States 


governments  have  recognized  that  to  maintain  a  relatively  stable 
agriculture  at  an  existing  low  subsistence  level  is  to  fail  behind  the 
economic  progress  of  other  segments  of  the  national  economy  and 
other  areas  in  agriculture  and  to  fail  to  meet  the  rising  expectations 
of  farm  people  for  higher  levels  of  consumption. 

The  analysis  of  79  farm  records  in  Atenas  County  evidences 
the  interest  of  the  MAI  and  its  cooperating  agencies  (STICA  and 
the  University  of  Florida  Contract)  in  the  problems  of  families 
living  on  small  farms.1  The  records  are  from  an  area  characterized 
by  small  farms;  large  families;  steep  topography;  low  incomes; 
general  crop  farming  with  corn,  beans,  coffee,  rice,  tobacco,  and 
other  crops;  and  hand  methods  of  cultivation.  The  analyses  were 
designed  to  provide  basic  information  concerning  the  relationships 
between  income  and  size  and  type  of  farm  as  guidelines  to  policy 
formulations  in  programs  of  agricultural  assistance  and  colonization. 

Five  measures  were  used  to  judge  size  of  farm.  These  included 
land  operated,  land  cultivated,  farm  capital,  labor  input,  gross  value 
of  product,  and  farm  income.  The  Atenas  survey  farms  averaged 
small  in  size  in  four  of  the  five  selected  measurements,  with  aver- 
ages of  13.8  manzanas  operated  (equivalent  to  24  acres);  4.7  man- 
zanas  cultivated;  $22,845  farm  capital  (equivalent  to  $3,435 
USA);  $5,226  value  of  product;  and  $3,924  farm  income.  On 
the  other  hand,  labor  input  tended  to  be  moderately  high,  with  an 
average  of  451  days  per  farm. 
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Although  the  Atenas  survey  farms  included  no  farms  larger 
than  100  manzanas,  even  within  this  restricted  range  there  is  sub- 
stantial concentration  of  land,  labor,  and  capital  on  a  few  of  the 
farms  and  there  are  many  farms  with  minute  resources. 

Grouped  data  from  the  Atenas  survey  were  used  to  show  average 
lines  of  relationship  between  land,  labor,  and  capital  inputs,  respec- 
tively, and  farm  income.  The  average  resource  needs  for  given 
levels  of  farm  income  were  indicated.  For  example,  the  indicated 
average  resource  needs  for  a  level  of  farm  income  of  10,000  under 
existing  conditions  were  shown  to  be  15  manzanas  cultivated,  $82,- 
000  of  farm  capital,  and  1,400  days  of  all  labor. 

Efficiency  measures  in  terms  of  gross  value  of  product  per  unit 
of  land,  labor,  and  capital,  respectively,  reveal  tendencies  for  rates 
of  return  to  decline  with  increases  in  scale.  The  high  unit  returns 
at  low  levels  of  input  appear  to  be  associated  with  differences  in 
type  of  farm. 

Land  and  unpaid  labor  are  the  major  inputs  on  the  Atenas  sur- 
vey farms.  On  the  average  only  about  25  per  cent  of  the  gross  value 
of  products  is  required  to  defray  cash  costs.  Hired  labor  accounts 
for  60  per  cent  of  the  cash  costs;  fertilizer,  next  in  importance, 
accounts  for  20  per  cent  of  the  cash  costs. 

Gross  value  of  product  by  farm  income  classes  was  allocated  first 
to  cash  operating  costs  and  then  to  operator  and  family  labor  and 
capital,  using  customary  local  rates.  Local  rates  for  labor  aver- 
aged $5.28  per  day.  Interest  was  charged  at  6  per  cent.  On  the 
average,  farms  with  incomes  below  $2,000  lacked  sufficient  receipts 
to  pay  the  adopted  customary  rates  of  return  to  operator  and  fam- 
ily labor  and  to  capital.  Expressed  in  another  way,  farms  with  in- 
come below  $1,000  earned  only  $503  above  cash  costs,  an  amount 
sufficient  to  return  only  $2.18  per  day  of  operator  and  family 
labor  and  only  2.33  per  cent  interest  on  capital.  Farms  with  in- 
comes between  $1,000  and  $2,000  earned  $1,435  above  cash  costs, 
an  amount  sufficient  to  return  $4.71  per  day  of  operator  and  family 
labor  and  5.59  per  cent  return  on  capital.  The  three  groups  of  farms 
with  incomes  of  $3,000  or  more  showed  increasing  surpluses.  In 
other  words,  these  groups  of  farms  earned  more  than  the  reported 
customary  daily  rate  for  labor  and  more  than  6  per  cent  return  on 
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investment.  Farms  with  incomes  above  $6,000  earned  a  return  of 
$8.75  ($1.32  USA)  per  day  of  operator  and  family  labor  and  also 
9.56  per  cent  return  on  capital. 

Selected  family  and  farm  characteristics  examined  in  relation  to 
size  and  type  of  farm  included  tenure,  panellation  of  land  hold- 
ings, size  of  household,  emigration  to  nonfarm  jobs,  level  of  living 
facilities,  and  age  and  education  of  the  heads  of  the  households. 

Most  farmers  in  Atenas  County  are  owner-operators.  The  major- 
ity are  full-owners  but  some  are  part-owners.  Full-tenancy  is  in- 
frequently encountered  and  tends  to  occur  among  the  farms  of  less 
than  two  manzanas  in  size.  The  operators  of  small  farms  rent-in  a 
relatively  large  part  of  the  land  they  operate,  while  some  of  the 
large  farm  operators  rent-out  land. 

Many  of  the  farm  operating  units  contained  more  than  one  plot 
or  parcel  of  land.  In  general,  the  number  and  size  of  parcel  in- 
creased with  size  of  farms,  with  size  of  parcel  increasing  more 
rapidly  than  number. 

The  farm  households  contained  an  average  of  6.3  members.  The 
average  number  of  manzanas  operated  per  member  increased 
rapidly  with  increases  in  size  of  farm. 

Reports  indicated  that  about  one  person  per  each  four  farms 
had  emigrated  to  nonfarm  jobs  with  a  tendency  for  the  number  of 
emigrants  to  be  higher  at  the  higher  levels  of  farm  income. 

The  level  of  home  and  farm  facilities  appears  to  be  rather  low. 
The  upper  one-half  of  the  farms  in  terms  of  farm  income  had  more 
of  all  of  the  numerated  facilities  (water,  bath,  sewing  machine, 
electricity,  newspaper,  and  magazine  or  farm  bulletins),  especially 
sewing  machines  and  more  inside  bath  facilities.  The  exact  extent 
to  which  the  higher  income  farm  operators  used  their  funds  for 
improved  housing,  farm  machinery,  and  oxen  for  power  was  not 
determined. 

In  general  terms,  there  appears  to  be  only  a  slight  tendency  for 
average  size  of  farm  and  average  farm  income  to  decline  with  age 
when  the  operator  is  between  25  and  79  years  of  age. 

Educational  levels  among  the  heads  of  households  of  the  survey 
farms  averaged  2.8  years  of  schooling.  The  younger  men  reported 
higher  levels  of  education  than  did  the  older  men.  Income  levels 
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appear  somewhat  higher  with  higher  education,  despite  the  differ- 
ences in  age  and  years  of  opportunity  in  which  to  work,  save,  and 
acquire  capital. 

The  Atenas  area  is  generally  considered  a  grain  region,  with  corn 
and  beans  the  principal  crops  in  terms  of  area  grown.  However,  the 
high  gross  value  of  coffee  per  manzana  makes  it  an  important  crop 
in  the  classification  of  types  of  farm.  Tobacco  and  rice,  respectively, 
were  principal  sources  of  income  on  some  farms.  The  farms  selling 
principally  livestock  were  mostly  small  subsistence  farms  with  small 
volume  of  livestock  sales. 

Although  the  principal  problem  appears  to  be  one  of  enlarging 
the  acreage  and  the  capital  available  per  operating  unit,  there  are 
also  differences  in  intensity  of  cultivation.  Crops  of  high  gross 
value  of  product  per  manzana  are  probably  the  high  profit  crops 
since  labor  is  the  major  input  and  its  alternative  uses  are  limited. 

Among  the  major  crops,  gross  value  of  product  per  manzana 
ranged  from  $3,187  for  tobacco  to  $302  for  beans  grown  without 
fertilization.  There  were  a  few  manzanas  of  high-value  sugar  cane 
grown  under  fertilization.  Coffee,  peanuts,  rice,  and  unfertilized 
sugar  cane  ranged  from  $650  to  $1,400.  Corn  and  beans  ranged 
from  $250  to  $360. 

Under  existing  hand  methods  of  cultivation  one  man  can  manage 
only  a  small  area.  Even  with  a  high  level  of  fertilization  and  im- 
proved practices,  for  much  of  the  Atenas  area  it  seems  doubtful 
that  corn,  beans,  peanuts,  or  rice  offer  a  potential  great  enough  to 
achieve  sufficient  intensity  of  operation  to  obtain  an  adequate  fam- 
ily income.  It  must,  therefore,  be  determined  whether  or  not  the 
required  intensity  can  be  met  by  coffee,  or  another  crop  such  as 
pineapple,  grown  under  the  most  favorable  level  of  practices  which 
can  be  developed  for  the  Atenas  area. 

The  most  obvious  alternative  to  intensification,  that  of  reorganiz- 
ing agriculture  into  larger  units,  is  made  difficult  by  the  pressure 
of  population  on  the  land  and  the  steep  topography.  However,  three 
farms  classified  as  "livestock  and  coffee  farms"  lead  in  land  oper- 
ated, farm  capital,  value  of  product,  and  farm  income.  Thus  it 
appears  that  the  combination  of  coffee  and  livestock  may  offer  a 
type  of  farming  suited  to  at  least  parts  of  the  area. 
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The  findings  reported  here  appear  to  lead  to  a  logical  sequence 
of  reasoning  and  recommendations  as  follows: 

1.  The  projected  rapid  increase  in  population  in  Costa  Rica  and  in 
Atenas  County  appears  certain  of  fulfillment. 

2.  For  levels  of  consumption  to  be  maintained  or  improved  in  Atenas 
County  there  must  be  substantial  increases  in  production,  or  there  must 
be  sizable  foreign  loans  or  grants,  or  both.  Of  course,  a  very  favorable 
balance  in  agricultural  trade  would  help  support  a  high  level  of  non- 
agricultural  imports. 

3.  Alternative  solutions,  although  not  all  desirable,  would  include 
more  production,  emigration  of  population,  outside  loans  or  grants,  an 
undesirable  lowering  of  levels  of  consumption,  or  some  combination  of 
these. 

4.  Opportunities  exist  for  increasing  production  per  manzana  of 
land  in  Atenas  County — perhaps  equal  to  those  in  other  areas.  These 
opportunities,  however,  need  to  be  measured,  described,  and  made 
known  to  the  public  by  the  MAI. 

5.  Although  there  are  potentials  for  increasing  production  per  man- 
zana in  Atenas  County,  other  areas  appear  to  offer  greater  potential  for 
low  unit-cost  production.  These  other  areas  are  those  more  easily  or- 
ganized into  large-scale,  mechanized  farms  for  growing  such  crops  as 
corn,  beans,  and  rice,  and  those  areas  with  better  natural  endowment  for 
growing  coffee  and  sugar  cane. 

6.  If  present  trends  continue,  Atenas  County  will  find  itself  at  an 
increasing  economic  disadvantage  in  the  production  of  those  crops  which 
lend  themselves  to  large-scale,  mechanized  farming.  As  a  marginal  or 
submarginal  area  for  these  types  of  production,  Atenas  will  be  under 
pressure  to  regroup  its  resources  into  more  profitable  combinations. 

7.  The  comparative  disadvantage  of  Atenas  County  relative  to  the 
other  areas  may  be  less  in  intensive  enterprises  not  readily  mechanized. 
Such  enterprises  would  also  tend  to  absorb  more  of  the  surplus  labor  in 
the  area.  Coffee,  cane,  pineapple,  fruits,  vegetables,  hogs,  and  poultry  at 
high  levels  of  management  might  meet  these  specifications. 

8.  The  alternatives  in  the  form  of  less  intensive  land  uses,  such  as 
forestry  and  grazing,  would  necessitate  the  development  of  substantial 
employment  opportunities  for  displaced  farm  workers. 

9.  Efforts  to  intensify  production  in  Atenas  County  appear  amply 
justified  pending  the  development  of  more  off-farm  employment  oppor- 
tunities. Public  aid  in  this  direction  should  for  the  most  part  take  the 
form  of  research,  extension,  and  demonstration. 

10.  Efforts  to  intensify  production  need  not  preclude  efforts  to  make 
it  easier  for  local  people  to  enlarge  their  farms,  to  find  off-farm  employ- 
ment, or  to  emigrate  to  areas  where  opportunities  are  greater. 
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11.  Specific  governmental  actions  might  include  one  or  more  of  the 
following: 

a.  Field  tests  with  local  farmers  to  determine  the  potentials  of 
the  more  intensive  crops  grown  under  very  favorable  levels  of  man- 
agement. Particular  attention  might  be  given  to  the  response  of  coffee 
and  pineapple. 

b.  Local  interest  in  growing  pineapple  may  warrant  the  initiation 
of  a  phased  project  of  research  into  the  potential  of  this  crop.  Early 
phases  of  such  a  project  might  include  first  the  physical  production 
capabilities  and  then  the  economic  potential  under  present  market 
conditions.  With  favorable  indications  from  early  investigations,  there 
might  be  later  phases  of  research  on  area  export  potentials  for  canned 
pineapple. 

c.  An  expanded  extension  and  educational  program  which  would 
include  means  of  raising  efficiency;  possibilities  of  group  action  in 
ownership,  use,  and  repair  of  equipment,  as  well  as  in  home  indus- 
tries, adult  training,  etc. ;  and  ways  of  transferring  land  from  one 
generation  to  another  without  reducing  the  size  of  the  operating  unit. 

d.  A  program  of  supervised  credit  which  would  include  credit 
for  production  purposes,  farm  enlargement,  and  cooperative  under- 
takings. 

e.  Advisory  service  for  employment,  relocations,  and  resettlement 
opportunities. 

Resource  Development  Problems 

Future  policies  in  agriculture  will  evolve,  of  course,  from  the 
choices  of  the  Costa  Rican  people.  During  the  period  of  this  sur- 
vey, public  and  private  interest  and  discussion  have  concerned  a 
number  of  resource  development  problems  and  questions.  Those 
covered  in  the  USOM  Country  Program  Book — Costa  Rica  include 
the  following:  (1)  underemployment  in  agriculture,  (2)  inadequate 
farm-to-market  road  network,  (3)  lack  of  technical  knowledge, 
(4)  shortage  of  development  capital,  (5)  inadequate  and  outdated 
marketing  practices,  and  (6)  insecure  land  tenure.  All  of  these  are 
important  problems  and  many  more  could  be  listed.  It  is  fully  rec- 
ognized that  many  of  the  problems  of  agriculture  are  complex  and 
closely  interrelated.  This  memorandum,  however,  can  only  stress 
the  need  for  thoughtful  consideration  and  study  of  a  few  of  the 
policy  problems  and  their  alternative  solutions. 

Commercial  and  Noncommercial  Agriculture. — During  this  tour, 
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International  Development  Service  suggested  the  need  for  a  re- 
statement of  Costa  Rican  agricultural  policy,  a  recommendation 
which  probably  has  widespread  approval.  However,  in  Costa  Rica, 
as  in  other  countries,  there  exist  two  important  segments  of  agri- 
culture; namely,  the  commercial  and  the  noncommercial.  Thus, 
there  may  be  a  need  for  two  statements  of  policy  or  for  policy  pro- 
visions for  each  of  these  segments.  Obtaining  the  services  of  a 
consultant  in  agricultural  policy  might  be  considered  jointly  by 
MAI  and  USOM  Costa  Rica. 

Both  population  and  agricultural  production  in  Costa  Rica  have 
been  increasing  rapidly  in  the  last  decade.  Expanding  production 
in  Guanacaste,  San  Carlos,  Sarapiqui,  the  Meseta  Central,  and 
other  parts  of  the  country  seems  to  indicate  that  production  can 
keep  pace  and  perhaps  exceed  population  growth  for  some  years  to 
come.  It  is  significant  that  Costa  Rica  has  a  political,  economic, 
and  social  climate  within  which  rapid  change  can  take  place.  The 
problem  is  that  of  maintaining  an  atmosphere  in  agriculture  which 
will  encourage  mobility  of  resources. 

Efficiency  of  Production  and  Commercial  Agriculture. — In  com- 
mercial agriculture,  in  the  long  run,  the  goal  tends  to  be  lowest  cost 
per  unit  of  product.  In  a  free  competitive  situation,  mechanization 
must  proceed  whenever  the  budget  analysis  indicates  that  it  is 
cheaper  to  use  machine  than  man  labor.  The  humanitarian  instincts 
of  the  employer  for  the  employee  may  cause  him  to  delay  the 
modernization  process  and  bear  the  costs  of  inefficiency  for  a  time. 
Rising  wages  will  change  the  substitution  rates  between  man  labor 
and  machine.  Competition  from  new  firms  will  eventually  force  the 
issue.  Then  society  must  assume  the  cost  of  the  resultant  disloca- 
tion. Mechanization  in  the  commercial  section  may  increase  the 
problems  of  the  noncommercial  sector.  Thus,  in  general  terms, 
efficiency  research  tends  to  worsen  the  relative  position  of  sub- 
sistence farmers  because  their  problem  is  largely  one  of  scale. 

For  certain  parts  of  agriculture,  Costa  Rica  appears  to  have  con- 
sciously adopted  what  might  be  called  the  "Doctrine  of  Efficiency." 
Rising  productivity  per  man  in  various  areas  is  entirely  consistent 
with  economic  progress  when  viewed  in  terms  of  the  gradual  reduc- 
tion of  the  proportion  of  the  population  engaged  in  agriculture.  It 


LAND   TENURE  AND  TYPE  AND   SIZE   OF  FARM  99 

seems  useless  to  debate  whether  increased  efficiency  in  agriculture 
permits  the  accumulation  of  needed  capital  and  frees  people  for 
industry  or  whether  a  higher  urban  market  and  higher  urban  in- 
comes are  necessary  preconditions  for  higher  farm  production. 
Costa  Rican  trade,  commerce,  industry,  and  agriculture  are  increas- 
ing concurrently.  However,  all  feasible  action  should  be  taken  to 
increase  effective  demand  along  with  the  lowering  of  unit  costs. 

In  most  matters,  the  doctrine  of  stability  at  the  sacrifice  of 
progress  appears  to  have  been  rejected.  The  following  excerpts 
from  the  USOM  Country  Program  Book — Costa  Rica  make  this 
abundantly  clear: 

The  Minister  of  Agriculture,  taking  a  long-run  view,  states  that  Costa 
Rica's  coffee  position  must  be  bolstered  both  in  quality  and  quantity. 
Larger  and  better  crops  should  be  grown  in  order  for  the  country  to 
retain  its  share  of  the  world  market  and  even  increase  it  in  time. 
Costa  Rica  is  a  natural  coffee  grower  and  is  not  being  panicked  into 
making  measures  which  would  prejudice  it  in  the  future  when  the 
price  situation  will  have  changed.  Coffee  culture  is  well  along  in  a 
period  of  profound  revolution  as  to  the  techniques  and  practices  used. 
Costa  Rica  is  a  leader  in  this  revolution  which  means  higher  invest- 
ment and  cultivating  costs  as  a  result  of  the  spread  of  irrigation  prac- 
tices and  the  use  of  fertilizers,  etc.  However,  on  efficiently  operated 
farms,  per  unit  costs  have  dropped  due  to  great  increases  in 
productivity. 

And  again, 

.  .  .  the  government  is  pushing  plans  for  greatly  increasing  cattle- 
meat,  cacao,  animal  and  vegetable  fats  and  oils,  rice,  beans,  and  corn 
production  either  for  export  or  for  internal  consumption. 

Only  with  respect  to  the  geographic  shifting  of  production  of 
the  Meseta  Central  do  there  appear  to  be  serious  attempts  to  retard 
the  mobility  of  capital  and  labor. 

Diffusion  of  Land  Ownership  and  Noncommercial  Agriculture. — 
During  the  period  of  this  survey,  there  has  been  much  interest  in 
the  type  of  program  generally  referred  to  as  "colonization,"  "land 
settlement,"  or  "agrarian  reform."  In  such  programs  there  appears 
to  be  a  tendency  to  place  more  emphasis  on  the  noncommercial 
than  on  the  commercial  segment  of  agriculture,  more  emphasis  on 
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dispersion  of  production  than  on  increasing  production,  and  more 
emphasis  on  the  political  and  social  stability  of  diffused  land- 
ownership  than  on  the  economic  effects  of  the  ownership  pattern. 

There  appears  to  be  little  doubt  that  concentration  in  owner- 
ship and  control  of  land  exists  in  Costa  Rica;  that  there  is  a  sub- 
stantial number  of  laborers  in  the  rural  population;  and  that  there 
is  low  productivity  per  worker.  Although  acreage  is  concentrated, 
ownership  of  land  is  widespread  among  the  people  of  the  Meseta 
Central.  There  are  "landless"  agricultural  workers  located  in  the 
Central  Plateau  and  in  the  lowlands.  True  latifundia,  with  much 
land  withheld  from  its  best  use,  does  not  appear  to  be  a  problem 
in  the  Meseta  Central  since  most  of  the  big  sugar  cane  and  coffee 
operations  are  considered  relatively  intensive  and  efficient.  There 
may  be  some  cases  of  latifundia  in  the  lowlands,  but  lack  of  develop- 
ment in  such  areas  often  is  due  to  inaccessibility  and  other  such 
factors  rather  than  willful  refusal  to  put  land  into  higher  produc- 
tion. Rather  than  latifundia,  the  problem  in  Costa  Rica  appears 
to  be  one  of  many  small  and  inefficient  owner-operated  farms,  par- 
ticularly in  the  Meseta  Central.  Although  Costa  Rica  appears  to 
have  the  stability  of  a  high  proportion  of  owner-operation  of  land, 
it  does  have  the  problem  of  low  farm  income  which  can  only  be 
solved  by  having  better  farmers,  larger  farms,  and  fewer  farmers 
relative  to  the  total  population. 

Land  reform  measures  might  include  review  and  revision  of 
land  laws,  cadastral  survey,  and  title  registration  procedures.  Su- 
pervised credit  and  arrangements  which  will  promote  the  commer- 
cial family  farm  should  be  considered.  Such  measures  possibly 
represent  a  part  of  the  obligation  of  society  to  those  who  are  hurt 
by  change.  However,  society  must  decide  how  much  action  it  will 
take  to  cushion  the  adverse  effects  of  change;  it  is  not  obligated  to 
bear  the  entire  cost.  Action  to  improve  mobility  seems  more  desir- 
able than  subsidizing  submarginal  producers  in  their  present  situa- 
tion. As  has  been  indicated,  low  unit-cost  production  of  large-scale 
mechanized  farms  will  put  increasing  economic  pressure  upon  non- 
commercial farms  for  reorganization  of  resources.  Services  such  as 
aids  to  emigration  to  areas  offering  better  job  opportunities,  aid  to 
farm  consolidation,  technical  assistance,  supervised  credit,  and  co- 
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operative  use  of  machinery  are  among  the  many  technical  assist- 
ance tools  which  could  be  made  available  for  use  in  low-income 
areas. 

Promotion  of  the  Commercial  Family-Sized  Farm. — Recom- 
mendations in  the  Atenas  reports  center  upon  two  problems:  (1) 
diminution  in  size  of  farm  due  to  inheritance  procedures,  and  (2) 
low  efficiency  in  the  use  of  labor. 

Means  are  needed  to  discourage  excess  subdivision  of  farms 
and  to  encourage  the  passing  of  small  and  family-sized  commer- 
cial farms  to  one  heir  or  to  one  operator  through  sale  in  its  entirety 
by  all  heirs.  Moreover,  provision  should  be  made  for  credit  on 
terms  which  will  not  load  down  the  operating  heir  with  an  im- 
practical burden  of  debt. 

Low  efficiency  in  the  use  of  labor  in  Atenas  County  is  associated 
with  small  acreages,  hand  methods  of  cultivation,  rather  extensive 
type  crops,  and  low  levels  of  management.  As  noted  before,  efforts 
to  intensify  production  appear  amply  justified  pending  the  develop- 
ment of  more  off-farm  job  opportunities.  However,  since  the  major 
problem  is  one  of  scale  in  terms  of  land  area  per  farm,  services 
should  be  provided  to  make  it  easier  for  people  to  enlarge  their 
holdings,  to  find  off-farm  employment,  or  to  emigrate  to  areas 
where  opportunities  for  jobs  are  better. 

The  resources  of  Costa  Rica  appear  adequate  to  permit  the 
development  of  better  farmers,  more  commercial  family  farms,  and 
fewer  farmers  relative  to  a  growing  population.  This  should  be  the 
road  to  higher  farm  income,  higher  real  wages,  and  political 
stability. 


NOTE 


1.  L.  A.  Reuss  and  J.  F.  Montoya,  "Size  and  Type  of  Farm,  Atenas  Canton, 
1959"  (San  Jose:  MAI,  May,  1960).  Mimeographed,  79  pp.  J.  F.  Montoya  and 
L.  A.  Reuss,  "Changes  in  Occupation  and  in  Size  of  Land  Holdings — with  Some 
Father-Son  Comparisons— Selected  Rural  Households,  Canton  of  Atenas,  1959" 
(San  Jose:  MAI,  April,  1960).  Mimeographed. 
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The  Cattle  Situation 

ince  published  data  regarding  the  beef  and  dairy  in- 
dustries in  Costa  Rica  are  comparatively  meager,  this 
presentation  is  largely  based  upon  census  records  and  estimates  of 
lands  in  pasture,  numbers  of  animals,  human  population  trends, 
and  consumption  of  beef  and  milk.1 

Projection  of  Costa  Rican  beef  requirements  from  1956  until 
1966  indicates  that  the  total  cattle  slaughter  may  then  reach  136,- 
000  head,  or  44,000  more  than  the  92,000  consumed  in  1956.  The 
chief  factor  in  this  increase  is  the  national  growth  of  the  popula- 
tion, which  averages  around  3.75  per  cent  per  year.2  Another  factor 
is  the  possibility  of  changes  in  eating  habits,  which  under  favorable 
economic  conditions  may  result  in  increased  per  capita  consump- 
tion of  beef.  These  two  factors  may  also  increase  the  demand  for 
milk. 

Changes  in  the  amounts  of  land  needed  by  1966  to  support  in- 
creased numbers  of  beef  and  dairy  cattle  are  not  readily  apparent. 
Three  significant  things  which  may  occur  in  the  next  few  years  to 
alter  present  animal-land  ratios  are  ( 1 )  improvement  in  the  qual- 
ity of  animals  and  in  the  management  of  the  herd,  (2)  a  steady 
improvement  in  the  carrying  capacities  of  pastures,  and  (3)  a  rela- 
tive constancy  in  the  acreage  of  cropland  in  intensive  farming 
areas.  However,  the  speed  with  which  changes  in  land  use  take 
place  will  depend  upon  the  timeliness  and  adequacy  of  research, 
and  the  promptness  with  which  farmers  adopt  the  research  findings. 

Knowledge  of  the  possibilities  of  the  beef  cattle  industry  is  very 
important  to  government  policy  makers,  to  dealers  who  handle 
meat,  and  to  cattle  growers;  it  is  important  to  the  consumer  to  the 
extent  that  it  affects  the  supply  and  price  of  meat.  Among  govern- 
ment officials  such  knowledge  should  influence  decisions  regarding 
price  regulations  and  export  policies,  as  well  as  attitudes  toward 
appropriations  for  the  improvement  of  the  cattle  industry.  Increased 
knowledge  should  also  aid  meat  handlers  in  buying,  selling,  and 
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merchandising  meat  products  to  enable  the  consumer  to  buy  better- 
quality  meat  at  prices  no  more  than  customarily  paid. 

Land  Used  for  Cattle  Production 

The  MAI  estimates  that  30  per  cent  of  the  nation's  approximately 
20,000  square  miles  (50,900  square  kilometers)  is  suitable  for 
agriculture.3  About  16  per  cent  of  the  land  area  is  currently  used 
for  agriculture  and  livestock.  The  total  area  of  land  in  farms,  ac- 
cording to  the  Censo  Agropecuario  de  1950,  was  2,592,220  man- 
zanas4  (Table  1).  Approximately  12.3  per  cent  of  all  farm  land  is 


TABLE  1. — Land  in  Farms,  According  to  Land  Use  by  Provinces,  Costa  Rica 

1950 


All  Land 

Tillable  Land 

in  Manzanas 

All 

Province 

in  Farms 

Total 

Annual 

Lying 

Other 

Other 

(manzanas) 

Crops 

Out 

Land 

San  Jose 

306,724 

56,847 

32,630 

18,161 

6,056 

249,877 

Alajuela 

442,934 

49,540 

30,055 

12,571 

6,914 

393,394 

Cartago 

267,580 

16,832 

10,739 

4,363 

1,730 

250,748 

Heredia 

56,836 

3,123 

2,635 

256 

232 

53,713 

Guanacaste 

948,166 

98,502 

35,344 

42,156 

21,002 

849,664 

Puntarenas 

387,210 

73,863 

29,022 

35,909 

8,932 

313,347 

Limon 

182,770 

20,161 

4,969 

11,488 

3,704 

162,609 

Total 

2,592,220 

318,868 

145,394 

124,904 

48,570 

2,273,352 

Source:  Censo  Agropecuario  de  1950. 

regarded  as  arable  or  usable  (tierra  de  labranza).  The  Province  of 
Heredia  has  less  land  devoted  to  agriculture  than  any  other  prov- 
ince, and  Guanacaste  the  most. 

The  major  proportion  of  farm  land  is  in  pastures,  forests,  waste- 
lands, and  other  nontillable  uses.  Nearly  40  per  cent,  or  902,033 
manzanas,  of  all  nontillable  land  in  1950  was  in  pastures  on  26,250 
farms.  The  smallest  areas  in  pastures  were  found  in  the  provinces 
of  Heredia  and  Limon,  and  the  largest  areas  in  Guanacaste,  where 
around  41  per  cent  of  all  pastures  were  reported.  The  acreage  in 
cut  pastures  was  less  than  1  per  cent  of  the  total. 

More  than  223,000  manzanas  were  in  natural  or  native  pastures 
in  Guanacaste,  although  even  there  nearly  150,000  manzanas  were 
rated  as  improved  pastures.  Guanacaste  Province  had  the  largest 
pastures  both  as  to  average  acreage  per  farm  and  as  a  proportion 
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of  the  total  farm  land  used  for  pastures.  The  average  size  of  a 
number  of  the  largest  farms,  measured  by  area,  is  over  17,000 
manzanas. 

The  greatest  intensity  of  land-use,  as  based  on  man-land  ratios,  is 
on  farms  averaging  1  to  9  manzanas  in  size,  and  although  about  44 
per  cent  of  all  farms  fall  in  this  classification,  they  contain  less  than 
2  per  cent  of  all  pasture  land  (Table  2).  On  the  upper  extreme 
3,831  farms,  or  9  per  cent  of  the  total,  contain  approximately  74 
per  cent  of  all  farm  pastures.  Operators  of  farms  of  1,000  or  more 
manzanas  number  about  250,  but  they  control  about  324,000  man- 
zanas of  pastures.  Thus  it  can  be  seen  that  a  substantial  proportion 
of  the  beef  cattle  industry  is  in  the  hands  of  a  comparatively  few 
producers.  About  two-thirds  of  all  cattle  (excluding  oxen)  are  pro- 
duced on  the  9  per  cent  of  the  farms  which  range  in  size  from  100 
manzanas  upwards. 

Of  the  14  agricultural  regions  delineated  by  Peterson  and  West 
for  Costa  Rica,5  they  estimated  that  areas  in  pastures  will  increase 
in  only  four — the  Grain  Region,  the  Livestock-Grain  Region,  the 
Extensive  Livestock  Region,  and  the  North  Dairy  Region.  In  con- 
trast, four  other  regions  are  expected  to  show  actual  decreases  in 


TABLE  2. — Distribution 

of    Land 

in    Farms 

AND     OF 

Land    in    Permanent 

Pastures 

by  Size  of  Farm,  Costa  Rica, 

1950 

Size  of  Farm 

Number   Distribution 
of  Farms    in  Per  Cent 

Land  in 

Farms 

Permanent 

Pastures 

(manzanas) 

Manzanas 

Per  Cent  Manzanas 

Per  Cent 

1  to  4 

12,004 

27.9 

29,273 

1.1 

4,346 

0.5 

5  to  9 

6,972 

16.2 

46,524 

1.8 

11,229 

1.3 

10  to  14 

4,263 

9.9 

49,789 

1.9 

14,401 

1.6 

15  to  19 

2,309 

5.3 

38,285 

1.5 

12,906 

1.4 

20  to  29 

3,897 

9.0 

91,535 

3.5 

29,580 

3.3 

30  to  49 

5,107 

11.8 

188,856 

7.3 

56,978 

6.4 

50  to  49 

4,703 

10.9 

309,890 

11.9 

106,032 

11.8 

100  to  174 

1,895 

4.4 

234,913 

9.1 

92,728 

10.4 

175  to  249 

725 

1.7 

151,226 

5.8 

63,141 

7.1 

250  to  499 

638 

1.5 

219,664 

8.5 

93,176 

10.4 

500  to  999 

328 

0.8 

224,312 

8.7 

86,077 

9.6 

1000  to  1499 

90 

0.2 

105,818 

4.1 

42,873 

4.8 

1500  to  3499 

106 

0.3 

213,557 

8.2 

83,014 

9.3 

3500  and  over 

49 

0.1 

688,578 
2,592,220 

26.6 

197,974 
894,455 

22.1 

Total 

43,086 

100.0 

100.0 

100.0 

Source:  Censo  Agropecuario  de  1950,  Tables  4  and  6,  pp.  9  and  13. 
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pasture  acreages,  and  little  change  in  land-use  patterns  is  foreseen 
for  the  remainder.  Approximately  44  per  cent  of  all  pastures  are 
now  found  in  regions  where  increases  are  expected  to  occur,  and 
32  per  cent  in  regions  of  estimated  decreases.  Lands  now  classified 
as  forests  are  excluded  from  these  observations,  but  if  much  wooded 
land  is  cleared  for  agricultural  purposes  estimated  trends  may  be 
altered. 

The  relationship  between  land  and  water  is  unbalanced  through- 
out large  areas  of  Costa  Rica.  Some  interior  mountainous  areas 
with  comparatively  well-distributed  rainfall  afford  more  productive 
and  longer  grazing  periods  than  such  coastal  areas  as  Guanacaste 
Province,  where  long  dry  seasons  are  experienced.  Water  in  ample 
supply  is  necessary  for  growth  of  forage  on  rangeland,  but  climati- 
cally Guanacaste  is  divided  into  a  wet  and  a  dry  season  of  about 
equal  duration,  and  the  problem  of  maintaining  adequate  feed  sup- 
plies for  maintenance  and  growth  of  cattle  during  the  dry  season  is 
critical.  It  has  been  demonstrated  in  other  countries  that  improved 
pastures  are  superior  to  native  or  unimproved  pastures  for  with- 
standing adverse  growing  conditions,  and  some  producers  in  Costa 
Rica  have  also  proved  this  point  to  their  own  satisfaction.  In  the 
long  run,  research  and  practical  experience  will  demonstrate  what 
grasses  and  what  management  are  most  economical  for  each  of  the 
various  climatical  conditions  found  in  Costa  Rica. 

One  factor  to  be  reckoned  with  eventually  is  intercrop  competi- 
tion. If  the  Tempisque  Valley  in  Guanacaste  Province  is  irrigated 
as  proposed,  an  area  averaging  about  20  miles  long  and  3  miles 
wide  will  become  available  for  crop  farming.6  Some  pasture  land  in 
the  Tempisque  Valley  probably  will  then  be  converted  to  crop  uses. 
With  improvement  in  farming  practices  an  ever-increasing  propor- 
tion of  the  total  feed  supply  for  cattle  may  come  from  improved  pas- 
tures  and   croplands,   which   may   actually   reduce   the   number  of 
manzanas  needed  to  maintain  a  given  number  of  cattle.  The  major 
obstacle  in  promoting  such  shifts  are  the  costs  involved.  But  once 
desired  changes  are  shown  to  be  profitable,  shifts  in  land  use  will 
occur,  either  slowly  on  a  farm-to-farm  basis  or  rapidly  from  one 
area  to  another,  depending  upon  the  speed  with  which  new  knowl- 
edge is  converted  into  practice. 


Volcan  Arenal  forms 

backdrop  for  a  Rio 

Fortuna  cattle  ranch 


According  to  Hunter,7  the  future  area  for  the  beef  cattle  indus- 
try is  in  the  tropical,  moist  forest  formation  of  the  Caribbean  water- 
shed. Here  pastures  will  remain  green  the  year  round  and  problems 
of   dry-season   feeding   can  be   eliminated.   This   forest   formation, 
much  of  which  is  still  in  native  jungle,  contains  many  thousands 
of  hectares  awaiting  development.  It  extends  from  Lake  Nicaragua 
to  the  Caribbean,  bordered  on  the  northern  side  by  the  San  Juan 
River  and  on  the  southern  by  the  Cordillera;  thence  it  veers  south- 
ward to  the  Panama  border.  While  vast  portions  of  this  area  have 
not  been  opened  by  roads,  settlers  are  nevertheless  penetrating  to 
many  of  its  remote  parts  and  establishing  squatters'  rights.  Over 
the   centuries  the   Cordillera  has  remained  a  formidable  physical 
barrier  against  the  exploitation  of  its  moist  lowlands,  and,  perhaps 
because  of  this,  the  government  has  generally  by-passed  it. 
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Cattle  on  Farms 

Approximately  608,000  cattle  were  enumerated  in  the  Censo 
Agropecuario  de  1950  (Table  3),  and  about  705,000  in  1955.  The 
1950  enumeration  included  dairy  animals,  beef  cattle,  and  oxen. 
Around  227,000  cows,  or  females  2  years  of  age  and  over,  were 
enumerated,  as  were  nearly  41,400  oxen.  The  remainder  were  young 
animals  or  males  2  years  of  age  and  over. 

A  study  of  census  data  has  led  to  several  interesting  observations. 
On  small  farms — ranging  from  1  to  14  manzanas  in  size — the  num- 
ber of  cattle  averaged  about  4  per  farm.  On  the  upper  extreme — 
farms  containing  3,500  manzanas  or  over — the  average  was  just 
over  1,700  per  farm.  Thus  on  the  smaller  farms  each  animal  had 
less  than  one  manzana  for  grazing  as  against  more  than  two  man- 
zanas on  the  very  large  farms. 

The  fact  that  2,000  farmers  owned  nearly  60  per  cent  of  all  cattle 
points  to  an  avenue  of  approach  for  improving  herds  and  raising 


TABLE  3. — Bovine  Livestock  by  Provinces  for  26,900  Farms  Reporting  Live- 
stock, Costa  Rica,  1950 


Number  of  Bovine 

Livestock 

ALL  cattle 

COWS* 

OXEN 

OTHER  CATTLEJ 

Guanacaste 

233,006 

86,791 

8,694 

137.521 

Alajuela 

138,022 

48,603 

11,022 

78,397 

Puntarenas 

77,756 

26,042 

4,078 

47,636 

San  Jose 

72,015 

28,420 

8,438 

35,157 

Cartago 

52,209 

23,605 

5,862 

22,742 

Limon 

18,175 

6,404 

1,172 

10,599 

Heredia 

16,674 

7,328 

2,094 

7,252 

Total 

607,857 

227,193 

41,360 

339,304 

Source:  Censo  Agropecuario  de  1950,  Table  37,  p.  92. 

*  Females  2  years  and  over. 

t Females  1  year  and  over  but  under  2  years;  bulls  2  years  and  over:  males  for 
fattening  2  years  and  over:  males  1  year  and  over  and  less  than  2  years;  male  and 
female  calves. 


the  carrying  capacities  of  pastures  (Table  4).  This  observation  had 
additional  verification  when  all  oxen  had  been  deleted.  About  40 
per  cent  of  all  cows  and  47  per  cent  of  all  other  cattle  were  on 
farms  ranging  from  250  manzanas  upwards. 
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TABLE  4. — Farms   Reporting  Cattle  by  Number  of  Head  Per  Farm,  Costa 

Rica,  1950 


Classification 

by  Number 
Farm 

Farms  Re 

porting  Cattle 

Cattle 

Reported* 

of  Head  pei 

Number 

Per  Cent 

Number 

Per  Cent 

With  1 

1,550 

5.8 

1,550 

0.3 

2  to  5 

10,268 

38.2 

35,938 

5.9 

6  to  10 

5,632 

20.9 

45,056 

7.4 

11  to  20 

4,165 

15.5 

64,557 

10.6 

21  to  50 

3,243 

12.1 

115,126 

18.9 

51  to  100 

1,190 

4.4 

89,845 

14.8 

101  to  200 

512 

1.9 

77,056 

12.7 

201  to  500 

230 

0.8 

80,615 

13.3 

501  and  over 

110 

0.4 

98,114 

16.1 

Total 

26,900 

100.0 

607,857 

100.0 

*  Estimated  from  data  in  Censo  Agropecuario  de  1950,  Table  41,  p.  105. 

Slaughter  of  Cattle  for  Meat 

The  population  of  Costa  Rica  is  estimated  to  have  increased  in 
numbers  between  1947  and  1955  by  29  per  cent,  but  the  number 
of  livestock  slaughtered  increased  by  45  per  cent  for  the  same 
period.  During  this  interim  the  ratio  of  slaughter  as  indicated  by 
slaughter  permits  was  about  two  males  for  each  female. 

The  largest  percentage  increases  in  the  slaughter  of  beef  from 
1951  to  1955  were  registered  in  Alajuela  and  Guanacaste  provinces, 
and  the  largest  numerical  increases  in  Alajuela  and  San  Jose  prov- 
inces. Limon  Province  on  the  Caribbean  exhibited  a  small  percent- 
age gain  and  Puntarenas  Province  on  the  Pacific  a  percentage  loss. 
In  part  this  may  be  the  result  of  driving  cattle  produced  in  the  out- 
lying provinces  to  interior  points  for  marketing  and  slaughter. 

In  both  1951  and  1955  the  percentage  of  animals  slaughtered 
each  month,  as  a  proportion  of  the  annual  totals,  has  been  notably 
uniform.  The  inference  is  that  little  beef  goes  into  cold  storage  or 
processed  form,  and  that  beef  consumption  in  Costa  Rica  is  fairly 
constant  from  month  to  month.  Slaughter  records  indicate  that 
butchered  animals  pass  quickly  into  the  hands  of  retailers.  Most 
meat  consumers  in  Costa  Rica  prefer  their  beef  "hot"  fresh,  and 
cattle  sold  by  farmers  one  day  may  be  served  on  dinner  tables  the 
next. 

These  merchandising  practices  and  consumer  preferences  invite 
a  steady  movement  of  rather  constant  numbers  of  animals  to  mar- 
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ket.  But  this  may  not  always  be  most  economically  advantageous 
to  the  producer.  Likewise,  inability  to  sell  marketable  animals  at 
the  approach  of  the  "dry  season"  may  create  economic  hardship 
for  many  producers.  Most  exports  of  surplus  live  cattle  have  been 
to  South  America,  particularly  to  Colombia  and  Peru;  and  to  the 
islands  of  Curagao  and  Aruba.  Since  the  government  places  quotas 
on  export  shipments  of  beef  cattle,  while  also  controlling  whole- 
sale prices  of  beef,  the  bargaining  position  of  cattle  producers  is 
often  severely  limited.  Some  relief  was  experienced  during  1956 
when  export  shipments  more  than  doubled  those  of  the  previous 
year,  or  about  18,000  as  against  8,000  in  1955.8 

The  Dairy  Industry 

Approximately  one-third  of  all  cattle  in  Costa  Rica  are  classified 
as  cows.  In  1954  they  numbered  about  278,230.  Heifers  and  calves 
totaled  211,500.  Altogether  37.3  per  cent  of  the  cows,  35.1  per  cent 
of  the  calves,  and  41.5  per  cent  of  the  heifers  were  reported  in 
Guanacaste  Province.  Of  the  278,000  cows  about  245,000  were  re- 
ported as  milk  cows.  The  difference,  or  33,000,  represented  cows 
held  for  meat  purposes.  Presumably  quite  a  proportion  of  the  milk 
cows  were  "nurse"  cows,  since  only  about  199,000  of  the  245,000 
were  classified  as  dairy  animals. 

Well-informed  persons  in  the  dairy  industry  estimate  that  prob- 
ably not  more  than  100,000  cows  in  Costa  Rica  are  dairy-type  ani- 
mals. The  number  is  believed  to  have  increased  substantially  each 
year  for  the  past  ten  years.  The  majority  of  these  animals  are  found 
in  the  Meseta  Central  where  around  60  per  cent  of  the  nation's  milk 
is  produced.  Alajuela  Province  leads  all  others  in  the  production  of 
milk.  In  March,  1954,  over  24  per  cent  of  the  milk  was  produced 
there,  but  daily  production  per  cow  averaged  highest  in  Cartago 
Province,  or  5.8  bottles  of  1.5  pounds  each  as  against  a  national 
average  of  3.8.  This  average  is  based  upon  the  number  of  cows 
milked  and  yield  per  cow  on  the  day  of  the  census  survey. 

In  1956  the  total  milk  production  averaged  around  490,000  bot- 
tles daily,  an  estimated  rise  of  53,000  over  1954.  Of  this  amount 
only  36  per  cent  is  used  on  the  farm  in  fluid  form,  and  44  per  cent 
enters  commercial  channels.  The  balance,  or  20  per  cent,  is  proc- 
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essed  into  butter  and  cheese  on  the  farm   (Table  5).  These  two 
products  provide  supplementary  income  to  many  small  farmers.9 

TABLE  5. — Estimated  Disposition  of  Milk  Production  for  Costa  Rica,  1956 


Disposition  of  Milk 

Distribution  According  to 

Disposition 

Produced  by  Farmers 

no.  bottles 

PER  CENT 

Fluid  Milk: 

Sales 

78,412,585* 

44.0 

Raw 

57,972,5851 

Pasteurized 

20,440,000$ 

Farm  use 

64,070,000 

36.0 

Farm  Produced: 

Cheese 

30,476,000 

17.0 

Butter 

5,805,000 

3.0 

Total  Bottles 

178,763,585 

100.0 

*  Calculated  from  Informe  de  la  Encuesta  Agropecuaria  de  1956,  1958,  p.  27. 
fDifference  between  amount  of  milk  pasteurized  and  all  milk  sold. 
|A  20%  homogenized  milk  was  first  placed  on  the  San  Jose  Market  during  1958. 
Sales  now  average  around  13,200  bottles  daily  (1959). 

Income  from  Livestock 

The  1955  gross  national  product  for  Costa  Rica,  estimated  at 
$1,800  million,  indicates  a  significant  rise  in  national  production 
in  recent  years.  Unofficial  estimates  made  by  agricultural  special- 
ists in  the  Central  Bank  of  Costa  Rica  place  the  contributions  of 
the  livestock  and  dairy  industries  to  the  gross  national  product  at 
around  13  per  cent  of  the  total.  It  appears  from  the  data  available 
that  the  gross  income  from  the  dairy  industry  is  slightly  double  that 
of  the  beef  cattle  industry,  e.  g.,  of  ganado  de  engorde. 

The  average  live  weight  per  animal  sold  for  meat  in  1955  was 
estimated  at  452  kilos,  with  a  possible  total  dressed  weight  of 
41,590,000  pounds,  and  a  yield  of  around  $45  million  at  the  whole- 
sale level.  Export  sales  totaled  around  $6,524,200  F.  O.  B.  In  addi- 
tion, intranational  sales  on  a  farm-to-farm  basis  probably  provided 
income  to  some  livestock  producers. 

Transportation  Losses 

Income  to  farmers  from  the  sale  of  livestock  is  considerably 
lowered  because  of  transportation  losses.10  Investigations  showed 
truck  transportation  losses  for  steers  ranged  from  about  40  to  65 
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pounds  per  steer  from  a  point  near  Liberia,  in  Guanacaste  Province, 
to  Barranca  near  Puntarenas.  From  the  same  point  of  departure  in 
Guanacaste  to  Alajuela,  weight  losses  per  animal  averaged  about 
100  pounds.  Losses  ranged  from  4  to  11  per  cent,  with  the  weight 
of  animals  at  loading  on  the  farm  taken  as  a  base.  Loading  weights 
per  steer  ranged  from  1,065  to  1,220  pounds.  Weight  losses  are 
probably  even  greater  from  overland  cattle  drives,  and  from  drives 
combined  with  rail  transportation. 

The  trip  from  Liberia  to  Alajuela  by  truck  required  about  8 
hours  over  twisting,  mountainous  roads  which  caused  excessive 
bruising  as  well  as  weight  losses.  Weight  losses  per  steer  from  the 
Alajuela  market  to  the  Consejo  Nacional  de  Production  slaughter- 
house at  Cartago  averaged  nearly  31  pounds.  Slaughtering  ac- 
counted for  another  540-pound  loss,  approximately.11  While  the 
total  of  the  above  losses  shown  are  not  for  identical  animals,  it 
nevertheless  appears  that  steers  shipped  from  Guanacaste  Province 
for  sale  at  Alajuela  lose  more  than  50  per  cent  of  their  farm  weight 
by  the  time  they  are  dressed  and  quartered. 

A  number  of  factors  contribute  to  weight  losses.  Among  them  are 
( 1 )  mixed  loadings  ( animals  of  different  sizes  and  ages ) ,  ( 2 )  rough 
physical  handling  (goaded  with  sharp  spears),  (3)  pommeling  by 
swaying  trucks  in  transit,  and  (4)  lack  of  sufficient  feed  and  water 
between  farm  departure  and  sale.  Losses  from  some  of  these  causes 
can  be  greatly  reduced  or  entirely  eliminated.  Most  of  83  slaughter- 
houses identified  in  the  transportation  loss  study  were  municipally 
owned,  antiquated,  and  unsanitary.  Moreover,  nearly  all  the  small 
installations  are  uneconomic.  Two  plants  (Cartago  and  Barranca) 
have  the  capacity  to  slaughter  nearly  all  the  beef  required  for 
domestic  consumption  and  exports,  but  the  Cartago  plant  operates 
only  one  day  per  week. 

The  Livestock  Market 

The  Alajuela  livestock  market  probably  represents  the  nearest 
approach  to  a  "primary"  or  "central"  market  that  can  be  found  in 
Costa  Rica,  and  it  is  one  of  the  most  important  institutions  in  the 
nation.  It  is  a  trading  center  where  facilities  are  provided  for  re- 
ceiving, watering,  and  otherwise  handling  cattle.  The  privileges  of 
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buying  and  selling  on  the  market  are  open  to  all.  Sellers  are  usually 
commission  agents  of  the  producers  and  receive  2  per  cent  of  sales 
receipts  for  services.  Buyers  as  a  rule  represent  meat  handlers. 

The  market,  known  as  the  Plaza  de  Ganado,  is  a  modern  concrete 
and  steel  structure.  It  is  owned  and  managed  by  the  municipality  of 
Alajuela,  which  receives  $2.00  per  head  for  all  cattle  sold  on  it. 
The  market,  empty  and  deserted  most  of  the  week,  takes  on  a  holi- 
day atmosphere  every  Monday  when  cattle  sales  are  held.  Its  physi- 
cal facilities  are  well  organized.  One-half  of  the  market  is  divided 
into  two  receiving  sections,  with  each  section  containing  a  number 
of  corrals.  One  section  is  reserved  for  cattle  destined  for  slaughter; 
the  other  for  stockers,  feeders,  etc.  The  other  half  contains  corrals 
into  which  the  animals  are  confined  after  they  are  sold  and  until 
they  are  transported  to  their  final  destinations.  Two  sets  of  scales, 
each  capable  of  weighing  up  to  20  cattle  at  one  time,  are  located 
in  the  center,  midway  between  the  receiving  and  the  outgoing  divi- 
sions of  the  market. 

The  seller  plays  an  important  role  in  price  determination,  be- 
cause he  is  representing  the  farmer  on  a  commission  basis.  He  is 
not  required  by  law  to  post  bond  to  protect  the  producers  he  serves. 
Reliability  and  integrity  are  maintained  by  social  discipline  alone. 
A  few  buyers  pay  spot  cash  for  their  purchases  on  the  day  of  sale 
and  in  return  they  receive  a  small  discount.  Generally  the  buyers 
have  eight  days  within  which  to  settle  accounts,  and  payments  are 
ordinarily  made  on  the  eighth  day.  Most  sales  are  transacted  on  an 
oral  basis  and,  as  a  rule,  they  are  conscientiously  kept. 

Sales  for  the  month  of  January,  1957,  were  analyzed  to  obtain 
an  insight  into  market  operations.  It  was  found  that  the  average 
number  of  cattle  sold  per  day  of  sale  for  the  month  of  survey  was 
1,077.  Sales  ranged  from  888  to  1,278  per  market  day  and  totaled 
5,386  for  the  month.12  The  volume  of  cattle  sold  by  kind,  as  a  per- 
centage of  all  cattle  sold,  was  50.1  per  cent  for  cows,  36.0  per  cent 
for  steers,  7.4  per  cent  for  oxen,  and  6.5  per  cent  for  bulls  (Table 
6 ) .  The  weekly  distribution  of  sales  by  kind  did  not  deviate  greatly 
from  the  monthly  average.  Approximately  80  per  cent  of  all  sales 
consisted  of  meat  animals;  the  others  of  stockers,  feeders,  and  work 
animals. 
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TABLE  6.— Average  Prices  Paid  per  Kilo  for  Cattle  ry  Type  of  Animal,  One 
Typical  Month,  Alajuela  Livestock  Market,  Costa  Rica 


Date  of 

Per  Kilo  Prices 

by  Type 

of  Animal 

Sale 

ALL 

cows 

STEERS 

RULLS 

OXEN 

1957 

0 

0 

0 

0 

<L 

Jan.    2 

1.05 

.93 

1.12 

1.03 

1.16 

"      9 

1.09 

.93 

1.30 

1.07 

1.14 

"    16 

1.07 

.95 

1.22 

1.02 

1.12 

"    23 

1.05 

.90 

1.24 

1.00 

1.16 

"    30 

1.07 

.93 

1.19 

1.02 

.75 

Average 

1.07 

.93 

1.21 

1.03 

1.12 

Total:  Number 

5,386 

2,700 

1,941 

349 

396 

Per  Cent 

100.00 

50.1 

36.0 

6.5 

7.4 

Average  weight 

per  animal,  kilos 

387 

341 

406 

460 

518 

On  an  average  550  separate  sales  were  transacted  and  recorded 
on  each  market  day,  and  totaled  2,747  for  the  five  market  days  of 
the  month.  A  one-animal  sale  was  common,  being  about  68  per  cent 
of  all  sales.  Cows  and  bulls  were  usually  sold  on  an  individual  basis, 
as  were  about  half  the  oxen.  In  the  case  of  steers,  56  per  cent  were 
sold  in  lots  of  two  or  more. 

The  average  weight  of  all  cattle  sold  during  the  month  of  observa- 
tion was  387  kilos.  Cows,  the  lightest  in  weight,  averaged  341  kilos 
as  against  518  for  oxen,  and  as  compared  to  406  for  steers  and  460 
for  bulls. 

In  Costa  Rica  wholesale  prices  of  cattle  are  assumed  to  be  on  a 
free-market  basis,  but  price  ceilings  tend  to  be  established  because 
of  wholesale  price  controls  for  meat.  For  example,  wholesalers  may 
not  legally  charge  the  retailer  over  $110  per  quintal  for  dressed 
beef,  which  includes  all  of  the  various  high-  and  low-priced  retail 
cuts  alike.  Consequently  wholesale  cattle  prices  fluctuate  only  with- 
in narrow  limits,  and  the  highest  prices  must  be  low  enough  to  per- 
mit buyers  and  slaughterhouses  to  stay  in  business.  Under  these 
market  limitations  producers  of  top-quality  cattle  have  little  oppor- 
tunity for  incentive  rewards. 

Conclusions 

The  livestock  situation  in  Costa  Rica  indicates  that  more  informa- 
tion should  be  synthesized  regarding  production  costs  and  market- 
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ing  problems.  Many  small  farmers  who  control  limited  resources  of 
land  and  other  capital  are  unable  to  intensify  livestock  production 
readily.  On  many  large  farms  thousands  of  manzanas  yield  com- 
paratively little  forage,  owing  in  part  to  prolonged  dry  seasons  and 
heavy  winds  that  hasten  the  dissipation  of  soil  moisture.  Scarcely 
any  data  now  exist  in  Costa  Rica  which  permit  comparisons  of  in- 
comes resulting  from  changes  in  practices  in  livestock  production. 
Thus,  if  Costa  Rica  hopes  to  develop  foreign  markets  for  the  expan- 
sion of  its  livestock  industry,  such  comparative  data  should  be 
developed.  The  basic  knowledge  needed  to  improve  the  livestock 
industries  of  Costa  Rica  ought  to  be  the  concern  not  only  of  pro- 
ducers and  exporters,  but  also  of  government  officials  vested  with 
the  responsibility  for  establishing  regulatory  measures  in  respect  to 
the  control  of  the  national  economy.  To  achieve  desirable  goals  im- 
plies some  investment  on  the  part  of  the  government  to  finance 
necessary  research  and  disseminate  the  findings. 

Grades  and  standards  for  the  wholesale  marketing  of  beef  ani- 
mals should  be  developed  if  livestock  producers  are  to  receive 
incentive  rewards  through  sales  for  producing  animals  of  good 
quality.  Grading  of  beef  cuts  should  also  extend  to  the  retail  level 
so  that  merchants  can  establish  differential  prices  for  meat  of 
various  grades.  This  can  be  achieved  only  through  a  thorough 
understanding  of  the  market  system  and  by  means  of  educational 
programs.  Educational  and  extension  programs  are  also  necessary  in 
order  to  acquaint  producers  with  improved  livestock  methods. 
Visual  demonstrations  on  experimental  farms  are  one  means  to  this 
end.  Producers  want  to  know  before  they  invest  capital  if  it  will  be 
profitable  to  apply  additional  capital  per  manzana  in  order  to  in- 
crease production  on  land  already  in  use.  They  look  to  the  govern- 
ment for  guidance,  and  the  government  is  seriously  undertaking 
this  obligation.  Under  proper  direction  the  livestock  industry  has 
the  potential  for  becoming  one  of  Costa  Rica's  chief  sources  of  for- 
eign exchange.  It  has  specialists  trained  to  set  the  pace  and  direc- 
tion and  farmers  willing  to  move  forward,  but  the  power  to  spur 
or  retard  this  growth  rests  squarely  in  the  hands  of  the  government 
and  the  nonpolitical  organizations  within  the  industry. 
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The  Livestock  Industry 

large  part  of  Costa  Rica  is  adapted  to  grass  pro- 
duction, and  in  a  grassland  economy,  soil  fertility, 
erosion,  and  livestock  cannot  be  separated  because  progress  in  beef 
production  depends  upon  a  year-round,  nutritious  feed  supply.  For- 
tunately, the  possibilities  for  the  growth  of  forage  crops  are  excel- 
lent. The  feed  supply  should  be  adequate  when  the  analyses  of 
grasses  now  in  use  are  known  and  applied,  and  when  the  new 
varieties  of  grasses  and  legumes  are  widely  accepted  and  the  proper 
supplements  are  used. 

On  the  livestock  side  of  this  grassland  economy,  improvement 
of  breeding  and  management  practices  to  upgrade  herds,  to  increase 
the  calf  crop  and  growth  rate,  and  to  make  full  use  not  only  of  im- 
proved pastures  but  of  all  other  available  feeds  will  round  out  a 
program  that  offers  unlimited  advancement  for  the  cattle  industry 
of  Costa  Rica. 

Large  areas  on  the  Pacific  side  of  the  country  appear  to  be 
adapted  to  production  of  feeder  cattle,  while  the  abundant  grass 
of  the  Atlantic  area  can  be  developed  and  used  for  fattening.  This 
combination  can  be  worked  out  to  the  advantage  of  producers 
in  both  areas. 

Cattlemen  and  farmers  want  information  and  demonstrations 
that  will  help  them  apply  better  methods  in  livestock  production; 
and  research  designed  to  give  basic  and  practical  answers  about 
problems  and  methods  will  be  of  great  benefit  to  the  future  de- 
velopment of  the  livestock  industry.  The  El  Alto  and  El  Capulin 
Experiment  stations  are  located  at  strategic  points  to  serve  the 
industry.  The  good  work  being  done  at  El  Alto  is  recognized  more 
each  day,  and  the  value  of  these  centers  will  increase  as  reliable 
information  from  experimental  trials  becomes  available  to  cattle- 
men. 

The  control  of  torsalo  is  a  matter  of  some  urgency,  not  only 
to  Costa  Rica  but  to  all  the  areas  where  it  is  found  and  those  to 
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which  it  might  spread.  Torsalo,  which  causes  severe  losses  in 
growth,  gains,  and  hides,  could  seriously  affect  the  international 
shipment  of  cattle.  A  torsalo  commission,  empowered  to  develop 
control  methods,  and  adequately  supported  by  funds  from  the 
countries  affected  and  those  in  danger  of  invasion,  merits  the 
most  serious  consideration. 

The  new  livestock  market  at  Alajuela  should  prove  a  valuable 
addition  to  the  facilities  for  selling  cattle.  An  up-to-date  packing 
plant  adjacent  to  the  market,  with  equipment  for  cooling,  freez- 
ing, and  by-product  disposal,  is  being  planned.  If  erected,  it  will 
be  of  great  value  in  the  processing  of  beef.  Facilities  for  the  han- 
dling and  watering  of  cattle  intended  for  export  should  be  in- 
creased. Rough  handling  of  cattle  during  marketing  has  definitely 
been  shown  to  cause  heavy  losses  in  edible  meat  and  by-products, 
and  the  Alajuela  market  might  be  a  good  place  to  initiate  a  cam- 
paign to  prevent  such  losses. 

Costa  Rica  is  in  a  favorable  position  to  dispose  of  an  increasing 
number  of  beef  cattle  each  year,  and  exportation  of  surplus  cattle 
would  aid  both  the  cattlemen  and  the  national  economy.  With  im- 
proved production  methods  the  industry  should  continue  to  ex- 
pand, with  a  subsequent  greater  income  to  the  producer  and  a 
more  plentiful  supply  of  nutritious  food  for  the  consumer. 

Management  of  Beef  Herd 

Large  areas  of  Costa  Rica  are  suitable  only  for  pasture,  but 
grass  and  forage  production  can  be  combined  in  a  rotation  with 
grain  crops  to  the  benefit  of  both.  Forage  crops  are  most  useful 
in  preventing  erosion  and  in  maintaining  soil  fertility.  Utilized  by 
cattle,  beef  and  dairy,  they  are  converted  into  highly  nutritious 
and  protective  foods  for  human  consumption. 

The  three  important  factors  in  beef  production  are  feeding, 
breeding,  and  management.  The  most  highly  bred  animal  with 
poor  feed  and  management  will  be  a  complete  failure.  Some  man- 
agement factors  essential  in  the  beef  cattle  enterprise  are  outlined 
below. 

Balance  between  Feed  and  Cattle. — Overgrazing  of  pasture  is 
the  factor  which  limits  the  productivity  of  most  beef  herds.  Stock- 
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ing  capacity  of  a  ranch  or  farm  should  be  based  on  the  season  of 
lowest  forage  production.  Cattle  require  an  adequate  supply  of 
nutritious  feed  throughout  the  year  if  a  beef  enterprise  is  to  be 
successful.  On  most  farms  and  ranches  the  cattle  population  should 
be  highest  from  July  to  November  and  lowest  from  March  to  May. 
Forage  quality  begins  to  deteriorate  in  January  and  decreases 
steadily  from  February  to  April,  with  the  result  that  feed  condi- 
tions become  poorest  immediately  after  the  rains  begin. 

The  result  of  poor  feed  conditions  are  low  calf  crops,  failure  of 
cows  to  give  sufficient  milk  for  their  calves,  slow  development  of 
cattle,  heavy  losses  from  internal  parasites,  excessive  death  loss, 
and  extremely  low  total  production.  On  the  other  hand,  cows  given 
adequate  feed  have  a  greater  yearly  calf  crop  and  give  enough 
milk  for  their  calves.  At  the  same  time,  calves  grow  rapidly,  they 
are  large  when  mature,  and  their  losses  from  parasites  and  death 
are  kept  to  a  minimum. 

Free  Access  to  Minerals. — An  available  supply  of  adequate  min- 
erals is  the  easiest  way  to  begin  beef  cattle  improvement.  The 
amounts  of  common  salt,  phosphorus,  and  calcium  commonly  pres- 
ent in  forage  are  usually  not  sufficient  to  meet  animal  require- 
ments. Mineral  element  deficiencies  of  the  forage  can  be  corrected 
by  giving  the  herd  access  to  (1)  common  salt,  (2)  one-third  com- 
mon salt  and  two-thirds  steamed  bone  meal. 

Minor  elements,  while  required  in  small  amounts  by  cattle,  are 
not  present  in  many  areas  in  sufficient  quantity  to  maintain  the 
herd  in  a  thrifty  condition.  These  elements  can  be  supplied  by  the 
following  mixtures:  100  pounds  common  salt,  10  pounds  red  oxide 
of  iron,  2  pounds  copper  sulphate,  and  2  ounces  cobalt  chloride, 
or  1  ounce  cobalt  carbonate,  and  cattle  should  have  free  access 
to  these  mineral  supplements  at  all  times.  Although  they  may  con- 
sume large  amounts  of  minerals  for  the  first  few  months  of  such 
a  program,  the  amounts  will  decrease  when  the  requirements  of 
body  tissues  are  met. 

Mineral  supplements  should  be  protected  from  weather  by  use 
of  covered  boxes.  One  mineral  box  should  be  provided  for  every 
50  to  100  cattle  or  every  300  to  400  manzanas  of  range.  Mineral 
boxes  should  be  checked  at  least  once  every  two  weeks,  and  more 
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minerals   added  as  required.   Observation  over  a  period   of  years 
will  indicate  which  pastures  are  most  deficient  in  minerals. 

Selection  and  Callings. — Good  producing  animals  should  be 
kept  in  the  herd  and  inferior  cattle  should  be  disposed  of  as  soon 
as  recognized.  Selection  and  culling  is  a  continuous  process  in  a 
well-managed  herd.  Animals  of  inferior  type,  slow  breeders,  small 
size  and  slow  maturing,  wild  disposition,  and  general  unthrifti- 
ness  should  be  eliminated.  Records  are  of  great  assistance  in  evalu- 
ating the  productiveness  of  each  animal  for  retention  or  culling 
from  the  herd. 

Weaning  of  Calves. — Calves  from  cows  on  good  pasture  should 
weigh  from  300  to  450  pounds  when  7  to  8  months  of  age.  At 
this  weight  and  age  they  do  well  if  given  good  care  after  wean- 
ing. Plans  for  weaning  calves  should  be  made  several  months  be- 
fore this  operation  is  to  be  carried  out.  Disastrous  results  often 
follow  weaning  calves  at  7  months  unless  they  receive  adequate 
care  and  have  access  to  satisfactory  pasture  immediately  after- 
wards. Weaning  is  the  second  most  critical  period  in  the  life  of 
the  calf. 

Calves  should  be  weaned  in  a  small  corral  and  fed  for  7  to  10 
days,  after  which  they  can  be  turned  out  on  good  pasture.  It  is 
wise  to  keep  the  weaned  calves  separated  from  other  classes  of 
cattle.  If  pasture  is  short  or  of  poor  quality  it  is  advisable  to  sup- 
ply supplemental  feed.  A  controlled  breeding  season  of  four 
months  will  be  helpful  in  a  calf  weaning  program. 

Controlled  Breeding  Seasons. — In  Costa  Rica  calves  should  be 
born  when  feed  conditions  are  the  best — from  June  to  October. 
Good  pasture  is  beneficial  to  the  cow  and  for  the  rapid  growth  of 
the  new-born  calf.  A  breeding  season  from  September  to  Decem- 
ber produces  calves  from  the  middle  of  May  to  the  following  Sep- 
tember. Cows  on  proper  pasture  breed  again  from  three  to  four 
months  after  calving.  Over  a  period  of  years  a  herd  for  which  the 
breeding  season  is  controlled  averages  a  greater  yearly  calf  crop 
than  one  in  which  the  bull  runs  with  it  throughout  the  year.  Calves 
born  when  feed  is  plentiful  and  nutritious  make  more  rapid 
growth  than  those  produced  from  January  to  April,  when  feed  is 
often  scarce  and  of  poor  quality.  Likewise,  when  feed  is  ample, 
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heifers  make  more  satisfactory  herd  replacements  and  steers  reach 
marketable  weights  at  earlier  ages. 

Adequate  Bull  Population. — One  bull  should  be  provided  for 
every  25  range  cows  or  for  every  50  cows  in  a  farm  herd.  Bulls 
should  be  3  years  old  before  they  are  released  on  the  range.  If 
younger  bulls  are  used,  the  number  of  cows  should  be  cut  back 
to  15  to  20  per  bull  on  the  range  and  to  30  on  a  farm.  Bulls  in 
good  flesh  at  the  beginning  of  a  breeding  season  produce  more 
calves  than  bulls  in  poor  condition. 

Regular  Care  of  Herds. — The  regular  supervision  of  a  breed- 
ing herd  pays  large  dividends  in  increased  production.  Calving 
time  is  the  most  critical  period  in  the  life  of  a  cow.  Since  cows 
in  good  condition  have  little  trouble  at  this  time,  providing 
supplementary  feed  is  a  sound  practice  if  pastures  are  poor.  A 
well-managed  breeding  season  will  facilitate  giving  cows  the  neces- 
sary attention  at  calving  time,  as  all  calves  will  be  born  during  a 
4-month  period.  The  control  of  external  parasites  by  regular  spray- 
ing is  also  an  excellent  management  practice.  Internal  parasites 
can  be  partially  checked  by  not  overgrazing  pastures,  but  heavily 
infested  animals  should  be  given  regular  treatment.  All  animals 
should  be  inoculated  against  blackleg  and  anthrax. 

Different  classes  of  stock  should  be  separated  as  follows:  breed- 
ing herd,  calves  after  weaning,  heifers  until  they  reach  breeding 
age,  bulls  in  nonbreeding  season,  and  steers.  On  a  well-managed 
farm  or  ranch  several  fields  with  good  fences  will  provide  the 
necessary   separation   facilities. 

Cattle  should  never  be  disturbed  unnecessarily.  Rodeo  tactics 
are  to  be  avoided  as  careful  handling  means  more  beef.  Horns  on 
calves  should  be  removed  as  soon  as  they  appear,  and  bull  calves 
should  be  castrated  before  one  month  of  age. 

Care  of  Pastures. — Regulated  rotational  grazing  will  provide 
better  feed  conditions  throughout  the  year  and  will  assist  in  the 
control  of  internal  parasites.  Close  grazing  over  long  periods 
should  be  avoided  because  forage  production  is  decreased  and 
the  stand  of  grass  reduced,  thus  allowing  weeds  to  invade  pas- 
tures and  cause  further  reduction  in  growth  of  grass.  Improved 
grass  varieties  should  not  be  mixed,   but  grass  legume  combina- 


THE    LIVESTOCK    INDUSTRY 


121 


tions  should  be  used  whenever  possible.  Weeds  and  brush  should 
be  controlled  to  prevent  competition  with  forage  species. 

Supplemental  Feedings. — Additional  feed  may  be  necessary  to 
keep  cattle  in  good  condition  in  dry  periods  of  the  year.  Grass 
silage  made  from  excess  forage  in  pasture  during  July  and  August 
can  often  be  used  to  advantage  when  grass  for  grazing  is  short. 
Residues  from  crops  may  have  much  value  during  periods  of  low 
forage  production.  When  there  is  plenty  of  low-quality  forage, 
cottonseed  meal  or  pellets  or  other  high  protein  feed  can  be  used 
to  balance  the  ration.  One  pound  of  cottonseed  meal  daily  is 
usually  sufficient  to  keep  a  mature  cow  from  losing  weight  when 
sufficient  roughage  is  available.  Soiling  crops  can  be  used  to  ad- 
vantage in  maintaining  cattle  in  good  condition  during  periods 
when  pasture  is  scarce. 

Records. — Complete  records  are  of  great  value  for  determining 
the  production  of  an  individual  animal  or  of  a  herd  of  cattle.  The 
use  of  a  stock  scale  is  helpful  in  obtaining  growth  records  of  either 
an  individual  or  a  group  of  animals. 

Los  Diamantes  STICA-MAI  Experiment  Station 

The  Los  Diamantes  Station,  Guapiles,  is  well  located  for  re- 
search on  beef  cattle  on  the  Atlantic  side.  The  soil  has  considerable 
natural  fertility  and,  typical  of  a  large  section  of  the  area,  it  is 
suitable  for  grass  production  and  has  possibilities  for  growing  corn 


Ministry  of  Agricul- 
ture officials  and 
others  view  corn  fer- 
tilization experi- 
ments at  Los 
Diamantes 


122  FERTILE   LANDS   OF  FRIENDSHIP 

and  other  energy  crops.  Since  rainfall  is  more  than  adequate 
throughout  the  year,  forage  for  grazing  is  available  all  year, 
although  grass  growth  varies  somewhat  from  month  to  month. 
Rainfall  records  indicate  that  excess  moisture  may  be  a  limiting 
factor  for  grass  growth,  and  during  such  periods  cattle  may  de- 
stroy as  much  or  more  forage  by  tramping  than  they  would  ordi- 
narily consume.  Sod-forming  grasses  to  withstand  trampling  should 
be  tried. 

Elefante,  Guinea,  and  pangolagrass  varieties  do  well  in  the  area 
and  they  yield  a  large  quantity  of  palatable  and  nutritious  feed. 
These  grasses  should  now  be  used  in  grazing  trials  under  good 
management  practices  as  follows: 

1.  No  overstocking  of  pastures. 

2.  Rotational  grazing  with  at  least  three  fields  for  each  grass. 

3.  Rolling  or  chopping  (number  of  times  yearly  to  be  determined 
with  experience). 

4.  Fertilizer  programs  (results  of  plot  fertilizer  trials  with  the  above 
grasses  already  under  way  will  indicate  the  formula  and  amount  of 
use). 

5.  Control  of  weeds  and  maintenance  of  stand  of  grass. 

6.  Selection  of  uniform  lots  of  good  steers  with  as  complete  records 
as  possible  on  each  animal. 

7.  Complete  records  on  both  pastures  and  cattle  to  secure  the  neces- 
sary data  to  determine  the  economic  value  of  fattening  steers  in  the 
area. 

The  establishment  of  a  breeding  herd  of  beef  cattle  at  Los 
Diamantes  is  being  considered  as  more  pastures  are  established 
and  the  necessary  facilities  are  secured.  Animals  of  known  ancestry 
and  breeding  will  add  to  the  value  of  the  experimental  work.  A 
good  beginning  on  a  research  program  has  been  made,  and  with 
careful  attention  to  all  the  necessary  details  a  great  amount  of 
valuable  data  should  become  available  each  year. 

El  Capulin  Experiment  Station 

The  beef  cattle  research  program  started  in  1955-56  has  given 
much  information  valuable  to  cattlemen  in  Costa  Rica.  Some  of  the 
results  obtained  are  listed  below. 

1.  One  hectare  of  well-managed  jaraguagrass  furnished  more  than 
sufficient  roughage  for  a  cow  and  a  calf  throughout  the  year. 
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2.  Overgrazing  of  jaraguagrass  reduced  forage  production,  with 
considerable  weed  invasion. 

3.  A  herd  of  cows  given  common  salt  regularly  and  sprayed  for 
external  parasites  every  14  days  had  a  74  per  cent  average  yearly  calf 
crop  during  a  three-year  period.  This  is  double  the  calf  production  of 
most  herds  in  Guanacaste. 

4.  Rotational  grazing  of  jaraguagrass  stocked  at  one  cow  per  hectare, 
with  cows  fed  two  pounds  of  cottonseed  daily  per  animal  during  the 
dry  period,  resulted  in  excess  forage.  Cows  on  this  system  in  a  three- 
year  period  had  an  average  yearly  calf  crop  of  81  per  cent,  with  the 
calves  weighing  an  average  of  471  pounds  when  weaned  at  7  months. 
This  herd  was  maintained  in  excellent  condition. 

5.  Steers  were  grown  to  1,000  pounds  (455  kilos)  at  2  years  of  age. 

6.  Steers  on  pasture  maintained  weight  or  gained  slightly  but  lost 
15  to  30  kilos  each  in  the  month  following  the  onset  of  the  rainy  season. 

7.  Production  of  grass  silage,  with  and  without  preservative,  was 
successful. 

8.  Hay  was  made  successfully  in  December  from  jaraguagrass  pro- 
duced in  a  rotational  grazing  program. 

The  research  program  at  El  Capulin  in  1959-60  will  include  the 
following  projects: 

1.  Effect  on  the  future  development  of  supplemental  feeding  of 
three  lots  of  weanling  calves  on  pasture,  to  give  0.0.  0  25.  and  0.50 
of  a  kilo  average  daily  gain,  respectively,  for  a  five-month  period. 

2.  Comparative  effect  of  continuous  and  rotational  grazing  of  jara- 
guagrass on  the  yearly  calf  production  of  different  lots  of  cows  fed  salt 
and  salt  and  bone  meal. 

3.  Effect  of  limited  supplemental  feeding  during  the  dry  period  on 
the  future  development  of  steers. 

4.  Value  of  hay  in  preventing  weight  loss  of  cattle  during  the  month 
immediately  following  the  beginning  of  the  rainy  season. 

5.  Management  practices  with  both  cattle  and  pastures  which  will 
reduce  production  costs  and  increase  owner  profits. 

Livestock  Exposition 

The  third  Gran  Exposicion  de  Ganado  de  Bajura  was  held  at 
Liberia,  Guanacaste,  under  the  sponsorship  of  the  MAI  and  the 
Camara  de  Ganaderos  de  Costa  Rica.  The  exhibition  buildings  had 
sufficient  stalls  and  pens  for  the  livestock  and  ample  capacity  for 
seating  the  visitors  at  each  performance  and  for  housing  the 
exhibits. 
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There  were  more  than  200  cattle  in  the  breeding  and  steer 
classes,  with  several  educational  exhibits  of  cattle  from  the  breed- 
ing herd  of  El  Capulin  Experiment  Station.  The  grade  and  pure- 
bred Brahman  classes  were  well  filled,  with  10  or  more  animals 
in  several  classes.  The  quality  of  the  show  animals  was  excellent, 
with  outstanding  animals  in  many  of  the  classes.  The  Santa  Ger- 
trudis  breed  was  represented  by  three  bulls  and  three  heifers. 
The  top  lot  of  five  steers  under  3  years  of  age  were  of  good  qual- 
ity; and  a  class  from  24  to  30  months  should  be  included  in  fu- 
ture shows.  The  people  showed  great  interest  in  the  horse  show, 
and  the  judge  stressed  the  importance  of  a  work  horse  sturdier 
than  many  of  the  animals  exhibited. 

The  4-S  exhibit  and  participation  was  a  splendid  addition  to 
the  exposition.  If  cattlemen  and  other  interested  persons  would 
help  the  4-S  members  obtain  better  steers  it  would  provide  more 
useful  training  for  the  boys  as  well  as  for  their  parents. 

The  exposition  was  an  unqualified  success  and  was  in  every  way 
a  marked  improvement  over  that  of  1956,  primarily  in  number 
and  excellence  of  the  beef  cattle.  The  fact  that  the  people  dis- 
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played  an  exceptionally  high  interest  in  the  agricultural  exhibits 
and  judging  of  the  fine  cattle  indicates  that  continued  progress  may 
be  expected  in  future  shows. 

Pork  Production 

The  number  of  hogs  in  Costa  Rica  numbered  102,284  in  1955, 
a  decrease  of  17,784  since  1952.  Most  of  the  swine  are  raised 
under  range  or  yard  conditions  with  little  attention  to  their  feed 
and  care.  Improved  management  combined  with  a  more  adequate 
feed  supply  would  permit  the  use  of  better  breeding  stock  and 
gradual  upgrading  of  herds.  Pork  production  can  be  increased 
in  many  areas  and  add  to  the  total  agricultural  income  of  the 
people. 

Corn,  a  standard  hog  feed  in  many  countries,  is  still  too  expen- 
sive to  include  in  swine  ration  in  Costa  Rica,  but  trials  are  in 
progress  to  determine  if  more  corn  can  be  produced.  Rice  products 
and  sorghum  grain  can  be  used  to  replace  part  of  the  corn,  and 
by-products  such  as  cacao  and  blackstrap  molasses  which  are 
sources  of  energy  nutrients  may  be  used  in  limited  amounts. 
Cooked  garbage  and  fleshy  roots  of  many  plants  grown  in  Costa 
Rica  can  be  used  in  the  ration,  especially  by  more  mature  animals. 
High  protein  meals  from  vegetable  sources  and  meat  meal  from 
the  packing  plant  at  Barranca  are  available,  and  all  can  be  used 
to  advantage  to  balance  swine  rations.  Small  amounts  of  minerals 
such  as  common  salt  and  bone  meal  are  also  necessary. 

Parasite  control  is  an  essential  management  practice  in  all 
phases  of  pork  production.  Cleanliness  and  rotational  grazing  of 
pastures  will  materially  reduce  internal  parasites. 

Conclusions 

Most  of  Costa  Rica  is  adapted  to  a  grassland  economy.  The  best 
utilization  of  forage,  combined  with  improved  breeding  and  man- 
agement of  herds,  will  result  in  the  production  of  more  and  higher 
quality  beef.  A  greater  financial  support  combined  with  a  well- 
planned  research  program  will  be  most  beneficial  to  the  livestock 
and  other  agricultural  industries  of  Costa  Rica. 
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Animal  Nutrition 

ne  of  the  principal  limitations  of  any  attempt  to 
describe  the  needs  for  animal  husbandry  in  Costa 
Rica  is  the  lack  of  information  available  on  the  composition  of 
the  feeds.  This  lack  extends  from  the  pastures  of  the  highlands  to 
the  pastures  of  Guanacaste  and  to  the  prepared  feeds  made  from 
imported  ingredients  from  the  Central  and  South  American  coun- 
tries which  are  not  standardized  and  have  not  been  analyzed  with 
a  view  to  use  in  Costa  Rica. 

Probably  the  most  important  initial  research  is  to  determine  the 
nutritive  value,  in  terms  of  chemical  analysis,  of  the  various  feeds 
available  to  animals  in  Costa  Rica.  This  will  be  discussed  more 
completely  under  recommendations  for  El  Alto. 

Dairy  Cattle 

The  quality  of  Jerseys,  Guernseys,  Ayshires,  and  Holsteins  ob- 
served in  the  dairies  of  the  higher  altitudes  leaves  nothing  to  be 
desired.  They  are  of  the  finest  breeding  anywhere  and  are  of  ex- 
cellent type  and  quality.  The  owners  have  apparently  spared  no 
expense  to  obtain  really  good  cattle  and  are  to  be  congratulated 
on  the  good  breeding  programs  they  have  followed  to  maintain  this 
quality.  On  the  other  hand,  the  average  production  for  cattle  is 
below  average.  With  the  exception  of  a  few  dairies,  the  average 
production  is  barely  above  that  required  to  meet  expenses.  The 
primary  problem  is  to  determine  the  reason  for  this  low  produc- 
tion and  the  failure  of  those  cattle  to  come  up  to  the  production 
expected  in  view  of  their  breeding.  That  this  low  production  is 
probably  due  to  feed  was  emphasized  by  the  fact  that  several  farms 
were  visited  where  good  production  was  accomplished  on  pasture 
alone. 

Under  conditions  in  Costa  Rica,  where  imported  feeds  are  ex- 
pensive, the  major  portion  of  the  cattle  feed  should  logically  be 
from  pastures.  For  this  reason  particular  attention  was  paid  to  the 

126 


ANIMAL   NUTRITION  127 

pasture  grasses  and  to  the  possibility  of  improving  these  pastures. 
Most  of  the  pastures  were  used  as  cut  pasture  or  soiling  crops,  and 
because  of  the  high  animal  population  per  unit  of  area  it  was 
necessary  to  allow  these  pastures  to  reach  mature  stages  and  to  cut 
them  when  they  were  no  longer  at  their  most  nutritive  condition. 
Legumes  were  the  exception  rather  than  the  rule,  but  where  leg- 
umes had  been  established  they  were  giving  good  results.  No  gen- 
eralization can  be  made,  but  some  of  the  conditions  observed 
indicated  a  possibility  of  deficiencies  in  the  mature  legumes  in  some 
areas.  Practically  none  of  these  pastures  was  fertilized  with  phos- 
phorus or  calcium  sources  and  short  calcium  content  of  the  foliage 
may  be  one  of  the  limiting  factors  in  milk  production.  This  cer- 
tainly should  be  determined  by  work  at  El  Alto.  Mineral  imbalance 
as  a  cause  of  poor  performance  cannot  be  overlooked  because  of 
the  possibility  of  both  a  high  potassium  and  a  high  manganese  con- 
tent in  the  soils.  These  have  yet  to  be  determined,  but  based  on 
reports  of  soil  analyses  both  potassium  and  manganese  may  exist 
in  high  concentrations  in  different  areas  and  could  well  interfere 
with  utilization  of  calcium  and  perhaps  with  phosphorus. 

The  most  promising  pasture  in  the  highlands  appeared  to  be 
kikuyugrass  (Pennisetum  clandestinum) ,  which,  although  a  pest  in 
vegetable  growing  areas,  may  very  well  be  a  satisfactory  perma- 
nent pasture  in  the  highlands  if  properly  managed  and  supple- 
mented with  adequate  legume  pastures.  This  again  is  a  problem 
for  research  because  of  the  lack  of  satisfactory  information  as  to 
the  nutritive  value  or  to  the  response  of  kikuyu  to  soil  amend- 
ments, either  of  an  organic  manure  fertilizer  type  or  of  an  inor- 
ganic chemical  nature. 

Another  point  to  be  considered  is  that  the  poor  breeding  record 
obtained  on  many  farms,  which  to  some  extent  may  be  associated 
with  disease,  appears  to  be  associated  with  feed.  Nutrition  possibly 
may  be  the  principal  factor.  Here  again,  lack  of  knowledge  pre- 
vents drawing  any  definite  conclusion  and  indicates  the  need  for 
research  as  a  means  of  ascertaining  the  cause  of  this  breeding 
failure.  The  failure  of  cattle  to  come  in  heat  and  resume  regular 
estrus  after  calving  could  be  due  to  improper  mineral  content  in 
the  ration;  to  improper  mineral  balance  which  includes  excess  man- 
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ganese;  or  to  failure  to  supply  adequate  nutrients,  resulting  in  a 
diversion  of  the  energies  of  the  cow  to  milk  production  and  a  re- 
gression of  the  estrus  cycle. 

One  of  the  most  serious  problems  in  the  highlands  dairy  program 
is  the  failure  to  bring  animal  numbers  and  feed  production  areas 
into  proper  balance,  which  until  adjusted  will  make  it  difficult  to 
obtain  maximum  returns  from  any  dairy  enterprise.  Since  the  high 
price  of  concentrate  feeds  makes  it  necessary  to  produce  most  of 
the  feed  on  the  farm  and  since  the  number  of  cattle  that  can  be 
maintained  is  limited  by  the  amount  of  feed  which  can  be  pro- 
duced, it  follows  that  too  many  animals  will  result  in  a  deficiency 
of  feed,  with  resulting  low  production.  The  numbers  of  unbred 
females  (up  to  2  years  of  age)  frequently  exceeded  the  number 
of  milking  cows  by  as  much  as  100  per  cent.  This  high  proportion 
of  female  calves  limited  the  amount  of  feed  available  to  the  mature 
animals  and  consequently  limited  the  production.  Until  some 
means  is  found  for  disposing  of  excess  female  calves  so  that 
the  proportion  of  unbred  females  is  in  line  with  replacement 
requirements  (less  than  one-half  the  number  of  milking  cows), 
improvements  in  pasture  and  in  quality  of  feed  will  be  relatively 
ineffective.  This  problem  of  numbers  of  cattle  per  unit  area  was 
more  intense  in  the  highland  areas  than  in  the  Meseta  area  or  in  the 
lower  areas  because  fewer  animals  were  lost  through  parasite  infes- 
tation and  disease. 

In  the  Meseta  Central 

In  the  Meseta  Central  there  were  noticeably  more  breeding  diffi- 
culties than  in  the  higher  altitudes,  but  the  owners  had  procured 
excellent  bulls  as  a  means  of  breeding  up  their  stock.  There  were 
dairies  with  good  to  excellent  cattle  which  compared  favorably  with 
those  in  the  dairies  in  the  higher  altitudes.  But  the  reproduction 
rate  was  extremely  low.  Greatly  delayed  estrus  following  calving  re- 
sulted in  a  reproduction  rate  of  scarcely  more  than  herd  main- 
tenance. With  cattle  producing  one  calf  in  two  to  three  years  and 
in  some  instances  considerably  less,  the  calf  crop  was  hardly  large 
enough  to  maintain  the  herd  when  it  is  assumed  a  complete  turn- 
over in  from  six  to  eight  years.  The  failure  of  reproduction,  fol- 
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lowed  by  the  low  milk  production  and  the  drying  up  of  the  cattle 
within  a  year,  frequently  necessitated  purchase  of  milking  cattle 
to  keep  up  the  milk  production  of  the  herd. 

The  reason  for  this  poor  breeding  record  is  complicated  and 
includes  disease,  particularly  brucellosis  and  various  vaginal  infec- 
tions. It  also  undoubtedly  includes  nutrition.  Certainly  the  re- 
peated failure  to  come  in  heat  after  calving  would  appear  to  be 
due  to  nutritional  deficiencies  which  may  include  mineral  as  well 
as  total  digestive  nutrient  deficiencies.  There  is  also  the  possibility 
of  toxic  effect  if,  as  suggested,  the  manganese  level  is  excessively 
high  or  if  other  imbalance  exists. 

Accompanying  the  problem  of  poor  breeding  in  the  Meseta 
Central  is  that  of  poor  milk  production.  On  many  farms  the  pro- 
duction rate  did  not  exceed  10  pounds  per  day,  and  in  some  the 
average  appeared  to  be  between  10  and  12  pounds  daily  for  herds 
as  large  as  50  milking  animals.  Since  15  pounds  a  day  was  probably 
the  break-even  point  or  the  point  at  which  costs  equaled  return, 
these  dairies  were  losing  money  continuously. 

Although  disease  and  poor  reproduction  undoubtedly  influenced 
the  production,  it  was  apparent  that  feed  was  also  a  large  factor. 
Because  the  number  of  animals  maintained  was  usually  large  in 
comparison  with  the  area  for  producing  feed  (a  result  in  some  in- 
stances of  competing  with  coffee),  it  was  necessary,  in  order  to 
obtain  adequate  bulk,  to  allow  the  Napier  or  gigante  grass,  the 
principal  feed,  to  grow  to  large  size  before  being  cut  close  to  the 
ground  and  chopped  as  a  soiling  crop  for  these  animals. 

This  food,  usually  given  at  the  rate  of  approximately  100  pounds 
per  animal,  contained  an  estimated  10  to  15  per  cent  dry  matter 
and  therefore  hardly  met  the  maintenance  requirements  of  the 
milking  cattle.  It  was  almost  a  universal  practice  to  feed  a  con- 
centrate feed  in  a  ratio  of  1  pound  of  concentrate  to  3-6  pounds 
of  milk  yield.  Some  of  this  concentrate  feed  was  being  used  by  the 
cattle  for  their  own  maintenance.  The  milk  production  must  have 
been  almost  entirely  dependent  upon  the  concentrate  feed,  which 
is  a  very  expensive  procedure. 

The  problem  of  how  to  obtain  better-quality  Napiergrass  (Pen- 
nisetum  purpureum)    has   to   some   extent  been   solved   on   a  few 
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farms  by  fertilization  practices,  Where  fertilizer  had  been  applied, 
the  results  were  spectacular  in  terms  of  increased  yield  and  qual- 
ity, and  it  appeared  that  increased  production  might  be  expected 
to  follow  a  reasonable  fertilization  program  if  good  pasture  is  a 
part  of  the  answer  to  the  problems  of  these  farms.  One  caution 
should  be  made  concerning  the  practice  of  fertilization  with  barn 
manure.  When  it  is  placed  on  pastures  on  which  the  grass  is  sub- 
sequently cut  close  to  the  ground  and  returned  as  a  feed,  the  para- 
site problem  is  intensified  and  may  result  in  high  calf  mortality. 
Jorge  De  Alba  of  the  Turrialba  Institute  reported  that  he  had 
virtually  stopped  the  lung  worm  problem  when  he  stopped  feeding 
his  calves  cut  pasture  from  areas  fertilized  by  barn  manure. 

Attention  should  also  be  given  to  the  possibility  of  including  in 
the  pasture  program  other  forages  such  as  molassesgrass  (Melinus 
minutiflora) ,  and  perhaps  some  legumes  in  addition  to  the  impe- 
rial (Axonopus  scoparius)  and  Napier  which  have  been  the  stand- 
ard forages  of  most  of  these  dairies.  Here  again,  lack  of  knowledge 
regarding  the  nutritive  qualities  or  even  chemical  analyses  of  these 
feeds  makes  it  difficult  to  make  a  positive  recommendation.  As  the 
dairies  approach  the  lower  altitudes  and  consequently  approach 
higher  temperatures  and,  on  the  Atlantic  side,  increasing  rainfall, 
the  parasite  problem,  both  internal  and  external,  assumes  greater 
importance.  A  program  of  management  should  undoubtedly  be 
adopted  in  conjunction  with  recommendations  from  the  veterinary 
workers  to  control  these  parasites.  The  fact  that  certain  animals 
may  be  more  resistant  and  perhaps  better  adapted  to  these  climates 
should  not  be  overlooked.  While  it  is  not  suggested  that  the  Minis- 
terio  engage  in  a  breeding  program  to  obtain  "adapted"  animals, 
it  should  be  noted  that  work  on  selection  has  been  going  on  in  a 
moderate  way  at  the  Turrialba  Institute.  Encouragement  of  this 
work  would  be  justified  if  it  resulted  in  the  production  of  criolla 
stock  better  adapted  and  more  productive  than  the  stock  that  is 
generally  available  at  present. 

Beef  Cattle 

Beef  cattle  production  was  observed  in  the  Guanacaste  and  in 
the  Sarapiqui  areas,  and  some  time  was  spent  observing  the  cattle 
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as  they  were  brought  to  market  at  Alajuela.  In  the  comparatively 
limited  area  which  was  visited,  the  cattle  appeared  to  be  principally 
criolla  and  criolla  with  a  mixture  of  Brahman.  While  parasites, 
both  external  and  internal,  play  a  large  role  in  limiting  produc- 
tion, the  principal  limiting  factor  in  this  production  would  appear 
to  be  quantity  and  quality  of  feed. 

In  many  respects  the  situation  in  Guanacaste  resembles  similar 
production  in  Florida  a  number  of  years  ago  and  would  seem  to 
offer  real  possibilities  for  improvement  of  both  the  type  and  qual- 
ity of  pasture  and  the  continued  improvement  of  the  stock.  What 
may  have  been  a  frank  deficiency  of  minerals  is  open  to  confirma- 
tion by  actual  analysis.  Bone  structure  on  the  whole  appeared  to  be 
good,  yet  the  source  of  adequate  calcium  and  phosphorus  seems 
to  be  problematical  since  the  soil  is  generally  acid  and  no  addition 
of  calcium  or  phosphorus  has  been  made  to  these  soils,  which 
probably  have  been  depleted  because  of  continuous  cropping.  Here 
again,  lack  of  factual  information  is  the  principal  difficulty,  and 
until  it  is  available,  actual  recommendations  are  severely  limited 
and  any  planned  program  is  on  a  tenuous  basis.  The  two  areas  at 
Guanacaste  and  Sarapiqui  are  very  different  and  therefore  neces- 
sitate entirely  different  data  on  what  can  be  done  to  improve  their 
respective  feed  situations. 

Throughout  Guanacaste  Province  the  need  for  reserve  feed  is 
imperative;  management  must  play  a  large  part  not  only  in  main- 
taining adequate  feed  during  the  rainy  seasons,  but  in  providing 
a  reserve  to  carry  the  animals  through  the  long  dry  season.  This 
factor  would  appear  to  call  for  improved  types  of  forage  and  the 
improvement  or  introduction  of  deep-rooted  legumes  which  would 
add  to  the  soil  fertility  and  at  the  same  time  provide  increased 
levels  of  necessary  proteins.  Attention  should  also  be  given  to  the 
possibility  of  producing  hay  and/or  silage  as  a  means  of  maintain- 
ing feed  supplies  over  the  dry  season. 

In  the  Sarapiqui  area  the  continuous  rain  again  poses  a  problem 
of  maintaining  feed  quality.  Since  nitrogen  has  to  be  available  on 
a  continuous  basis,  the  introduction  of  legumes  might  be  a  big 
addition  if  they  can  be  satisfactorily  grown.  Because  of  the  need  for 
protein,  some  program  of  legumes  is  urgent  and  logical.  Since  the 
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addition  of  nitrate  fertilizers  is  expensive,  considerable  research 
should  be  carried  on  to  discover  if  their  use  can  be  justified. 

In  all  areas  the  development  of  beef  animals  has  been  slow  be- 
cause of  limitations  of  feed,  and  production  may  have  been  low 
in  the  dairy  areas  for  a  similar  reason.  If  and  when  feed  condi- 
tions are  increased,  additional  attention  must  be  paid  to  the  re- 
quirements of  these  animals  in  order  that  deficiencies  will  not 
develop.  It  has  been  observed  repeatedly  in  Florida,  and  in  other 
areas,  that  when  the  animals'  growth  rate  and  production  increase 
through  improved  feed  conditions,  then  the  demand  for  adequate 
supplies  of  essential  minerals  is  also  increased.  If  these  are  not 
available,  the  animals  develop  deficiency  states  not  observed  in  the 
slower  maturity  rate  of  lower  producing  animals. 

In  the  Sarapiqui  area  the  types  of  forage  were  similar  to  those 
found  in  the  Meseta  and  in  the  highland  dairy  areas.  The  principal 
difference  was  in  the  manner  of  harvesting.  The  beef  animals  were 
allowed  to  graze  Napier  and  imperial  grasses,  in  contrast  to  prac- 
tices in  the  dairy  areas.  This  probably  has  some  advantage  from 
the  standpoint  of  the  animals  and  their  production  because  of  the 
choice  which  the  animals  have.  The  introduction  of  improved  for- 
ages should  be  investigated,  however,  as  a  means  of  increasing  the 
carrying  capacity,  the  yield  of  grass,  and  weight  of  animals. 

In  Guanacaste,  the  common  jaraguagrass  (Hyperrhenia  rufa) 
is  widely  used,  but  practically  no  information  is  available  regard- 
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ing  its  composition.  It  should  be  thoroughly  investigated  and,  if 
possible,  information  should  be  obtained  regarding  methods  of  im- 
proving its  feed  value.  If  legumes  can  be  introduced,  introduction 
of  other  grasses  may  well  be  thought  of  in  terms  of  jaragua  as  well 
as  of  improving  the  available  feed  supplies. 

As  the  numbers  of  cattle  are  increased,  more  problems  stemming 
from  parasites  will  undoubtedly  be  discovered.  Although  the  long 
dry  spell  of  Guanacaste  undoubtedly  protects  the  animals  to  some 
degree  from  the  heavy  load  of  parasites  which  may  logically  be 
expected  to  develop  in  an  area  such  as  Sarapiqui,  this  factor  should 
be  considered  in  an  attempt  to  improve  the  animal  husbandry  of 
any  of  these  areas. 

El  Alto  Animal  Industry  Research  Unit 

The  location  of  the  Animal  Industry  Research  Unit  at  El  Alto  is 
well  chosen  and  would  appear  to  offer  exceptional  opportunities  for 
research  in  the  problems  facing  the  dairy  and  beef  interests,  par- 
ticularly the  dairy  interests  located  in  both  the  Meseta  Central  and 
in  the  highland  areas  of  Costa  Rica.  The  existing  facilities  and 
those  under  construction  appear  to  provide  an  adequate  basis  for 
conducting  much  of  the  essential  research  program  so  urgently 
needed  to  make  intelligent  recommendations  for  improvement  of 
livestock  practices  in  Costa  Rica. 

It  was  observed  repeatedly  that  the  need  for  information  regard- 
ing the  basic  forages  and  feed  ingredients  used  in  Costa  Rica  make 
this  the  primary  objective  of  any  research  program  in  Costa  Rica. 
The  facilities  at  El  Alto  should  be  set  up  with  this  need  in  mind 
and  every  effort  should  be  made  to  develop  information  concerning 
the  grasses,  legumes,  and  feeds  which  are  available  to  dairy  and 
beef  cattle  interests  in  the  country. 

It  should  also  be  pointed  out  that  the  basic  equipment  already 
available  is  quite  satisfactory  provided  it  can  be  repaired  and 
maintained  in  good  functioning  condition.  There  were,  however, 
no  facilities  for  the  proper  drying  of  forage  samples  as  they  were 
brought  into  the  laboratory.  To  correct  this  condition,  a  drawing 
of  a  satisfactory  and  inexpensive  drying  cabinet  which  could  be 
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constructed  at  El  Alto,  or  by  any  competent  carpenter,  and  con- 
nected by  any  competent  electrician  was  sent  to  Romano  A.  Orlich. 
As  was  mentioned  in  Costa  Rica,  a  Wiley  mill  should  be  obtained 
at  the  earliest  possible  time  in  order  that  samples  truly  representa- 
tive of  materials  collected  in  the  field  can  be  prepared  for  proper 
analysis. 

Because  of  the  nature  of  feed  analysis  it  is  often  necessary  to 
maintain  the  equipment  on  a  24-hour  basis,  which  can  ordinarily 
be  accomplished  without  hardship  to  the  laboratory  personnel. 
Particular  reference  is  made  to  the  use  of  a  muffle  furnace  and  dry- 
ing equipment,  which,  once  regulated  with  the  proper  rheostat,  can 
be  allowed  to  run  continuously  after  the  samples  are  placed  in 
them.  This  saves  a  great  deal  of  time  on  the  part  of  the  personnel 
since  samples  placed  in  the  drying  oven  in  the  evening  are  ready 
the  following  morning;  the  same  is  true  of  samples  placed  in  the 
muffle  furnace.  Since  a  large  proportion  of  the  time  of  the  analyst 
in  the  feed  laboratory  is  taken  up  with  weighing  samples,  every 
effort  should  be  made  to  speed  up  this  operation  and  to  maintain 
its  accuracy.  This  can  be  done  through  the  use  of  properly  damped 
balances. 

As  the  need  arises  for  the  analysis  of  sodium  and  potassium,  use 
of  the  flame  spectrophotometer  may  become  necessary.  However, 
much  work  can  be  done  before  this  becomes  essential,  and  a  more 
immediate  need  would  probably  be  a  photometer  of  the  electropho- 
tometer  type  as  a  means  for  speeding  up  and  increasing  the  accu- 
racy of  the  determination  of  some  of  the  mineral  elements.  Since  the 
need  is  usually  for  the  analysis  of  a  comparatively  large  number 
of  samples  in  a  short  period  of  time,  the  analyst  should  be  con- 
stantly seeking  to  increase  efficiency  in  order  to  obtain  results 
rapidly  and  at  the  same  time  to  maintain  a  low  cost  of  the  analytical 
procedures. 

Since  the  program  of  research  that  might  be  undertaken  at  El 
Alto  was  discussed  in  some  detail  with  Romano  Orlich,  the  follow- 
ing outline  will  merely  attempt  to  establish  comparatively  broad 
lines  of  the  research  which  would  seem  to  offer  a  good  chance  of 
producing  results  that  can  be  used  soon  to  greatest  advantage  by 
the  dairy  and  beef  cattle  interests  of  Costa  Rica. 
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1.  Determination  of  feed  composition  for  the  highlands,  Meseta,  and 
low  areas.  This  can  be  accomplished  by  judicious  selection  and  labora- 
tory analyzation  of  representative  pasture  samples. 

For  the  high  area  kikuyu  and  Napier  are  in  most  general  use  and 
should  be  investigated  extensively.  This  work  should  be  supplemented 
by  analysis  of  other  grasses  and  legumes  which  may  offer  promise  of  in- 
creasing feed  value  or  supplementing  feed  already  available.  In  the 
Meseta  area  Napier  and  imperial  are  in  need  of  considerable  study,  as  is 
molassesgrass,  which  appears  to  offer  real  promise  in  some  areas.  Every 
effort  should  be  made  to  develop  legumes  in  this  area  and  to  determine 
the  possible  improvement  of  feeds  that  may  be  obtained  from  establish- 
ing an  increase  in  legumes.  In  the  Meseta  and  the  highlands  area  every 
effort  should  be  made  to  increase  the  total  available  digestible  nutrients. 
This  will  necessitate  analysis  of  various  silage,  and  possibly  hay,  prod- 
ucts which  can  be  produced  and  prepared  for  maintaining  the  feed 
levels  throughout  the  year.  While  it  is  not  the  purpose  of  this  report  to 
suggest  possible  feed  crops  to  be  included  in  a  feed  program,  it  should 
be  suggested  that  the  laboratories  at  El  Alto  be  used  extensively  to  pro- 
duce and  maintain  a  constant  backlog  of  information  as  to  the  value  of 
these  feed  crops  as  they  are  developed  and  introduced. 

Although  very  little  time  was  spent  in  the  low  lands,  it  is  obvious  that 
the  characteristic  grasses  of  these  areas  should  be  investigated  for  their 
chemical  composition. 

2.  It  is  recognized  that  chemical  composition  is  simply  a  basis  from 
which  to  start  and  not  a  true  measure  of  the  nutritive  value  of  forages. 
Therefore  chemical  analysis,  while  indicative,  should  be  supplemented 
by  the  utilization  of  animal  feeding  trials  as  a  means  of  determining  the 
practical  feeding  values  of  these  products.  This  may  be  done  at  El  Alto 
through  what  is  commonly  known  as  biological  feeding  trials  with  young 
animals  wherein  growth  places  a  more  severe  test  on  the  feed  value  of 
products.  Such  trials  should  certainly  follow  the  development  of  satis- 
factory analytical  values  and  the  production  of  sufficient  material  for 
their  use. 

With  the  availability  of  analytical  results  and  the  initiation  of  feed- 
ing trials,  it  will  undoubtedly  become  apparent  that  there  are  certain 
deficiencies  which  should  be  supplemented,  either  through  additions  to 
the  feed  or  through  the  use  of  soil  amendments,  as  a  means  of  improv- 
ing the  quality  of  the  feed  to  be  used. 

Soil  amendment  work  should  be  carried  on  cooperatively  with  the 
soils  and  agronomy  staff  as  a  means  of  obtaining  the  best  possible  im- 
provement in  forage  production. 

3.  Since  the  main  product  of  the  dairy  business  is  milk,  trials  should 
be  conducted  as  a  means  of  establishing  improved  milk  production.  Be- 
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cause  direct  milking  comparisons  necessitate  close  selection  of  stock  for 
equivalent  breeding  lines,  milk  production,  stage  of  production,  etc., 
they  should  not  be  attempted  in  such  a  small  operation  as  El  Alto. 
Rather,  emphasis  should  be  placed  upon  the  use  of  a  double  reversal 
feeding  trial  in  which  smaller  numbers  of  animals  may  be  used  and 
closer  comparisons  followed.  The  animals  serve  essentially  as  their  own 
controls  in  these  tests.  As  few  as  four  animals  for  a  given  material  and 
four  animals  for  a  control  may  be  used  in  the  double  reversal  as  a  means 
of  observing  milk  yield  expected  from  improved  practices  and  feeds. 

4.  At  the  present  time  breeding  problems  appear  to  be  of  minor  im- 
portance at  El  Alto,  and  with  good  management  they  may  remain  so. 
However,  through  use  of  analysis  of  feeds  and  supplements,  observations 
should  be  made  as  to  the  possibility  of  various  nutritional  factors  affect- 
ing breeding  performance.  It  may  be  that  at  some  subsequent  time 
nutritional  practices  similar  to  those  in  other  areas  of  the  Meseta  Central 
may  be  followed  as  a  means  of  investigating  the  cause  of  poor  breeding 
performance  of  animals  in  these  dairies.  Since  this  will  necessitate  alter- 
ing the  management  of  a  considerable  number  of  animals,  perhaps  a 
minimum  of  ten  for  each  procedure,  it  should  be  postponed  until  some 
of  the  more  pressing  problems  of  feed  and  feeding  have  been  settled. 

5.  Since  the  utilization  of  various  feed  ingredients  is  one  of  the 
pressing  problems  in  Costa  Rica,  it  may  be  well,  as  El  Alto  becomes  a 
satisfactory  functioning  unit,  to  introduce  balance  studies.  Because  of 
the  heavy  expense  and  labor  involved  in  the  standard  digestion-nitrogen 
balance  trials,  use  of  some  such  procedure  as  the  chromium  oxide 
method  may  be  desirable  as  a  possible  alternative. 

One  general  comment  should  be  made  regarding  El  Alto.  The 
great  need  for  information  regarding  forage  composition,  the  obvi- 
ous need  for  evaluation  of  grasses  from  at  least  four  different  areas 
in  the  country,  the  need  for  information  regarding  legumes  and  the 
possibility  of  establishing  these  plants  as  a  means  of  improving 
feed  supplies,  the  need  for  cost  studies  on  production  and  the  prob- 
lems of  breeding  and  management,  may  tempt  the  workers  to 
undertake  too  broad  a  program  with  little  chance  of  satisfactory 
results  in  any  of  it.  While  the  facilities  should  be  used  to  the  maxi- 
mum possible  extent,  it  is  better  to  follow  through  such  work  as 
outlined,  and  obtain  satisfactory  results,  than  it  is  to  get  bogged 
down  in  a  great  number  of  experiments  that  would  spread  the 
facilities  and  energies  of  the  workers  so  thin  that  they  offer  little 
opportunity  of  productive  results. 
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General  Comments 

This  report  attempts  to  point  out  some  of  the  areas  in  which 
improvement  may  be  expected  and  to  evaluate  the  situation  as  it 
exists.  The  livestock  for  good  production  is  already  available  in 
Costa  Rica  and  the  breeding  of  the  animals  that  are  available  is 
excellent.  The  long  growing  season  of  the  Atlantic  side  offers  an 
opportunity  for  production  of  economical  feeds  unequaled  in  many 
of  the  areas  of  the  North,  and  consequently  there  is  real  promise 
for  animal  production  on  an  economic  and  satisfying  basis. 

With  the  satisfactory  control  of  parasites  and  the  production  of 
adequate  feed,  there  is  no  reason  why  Costa  Rica  cannot  produce 
milk  and  beef  in  quantities  and  quality  equal  to  that  of  anywhere 
else  in  this  hemisphere. 

The  principal  problems  appear  to  be  those  of  producing  feed  of 
adequate  quality  and  producing  quantities  adequate  to  supply  the 
needs  of  the  numbers  of  livestock  that  are  being  maintained.  The 
possibility  of  certain  deficiencies  cannot  be  overlooked  and  may 
well  be  intensified  as  livestock  production  is  improved.  This  fac- 
tor, however,  can  be  forestalled  by  proper  analysis  of  feeds  as  they 
become  available  and  by  a  close  observation  of  the  procedures 
followed  in  the  management  of  the  cattle.  El  Alto  should  serve  a 
valuable  function  in  this  regard.  By  anticipating  many  of  these 
changes  and  many  of  the  increased  needs,  recommendations  can 
be  worked  out  prior  to  the  development  of  difficulties. 

One  other  recommendation  is  that  the  personnel  keep  everything 
on  as  nearly  a  quantitative  basis  as  possible  to  permit  a  close  cor- 
relation with  the  production  in  other  areas  and  the  transfer  of 
information  from  experimental  to  practical  procedures  with  a 
minimum  of  disappointment.  The  program  for  El  Alto  should  un- 
doubtedly be  upon  a  project  basis  since  this  type  of  procedure 
serves  the  dual  purpose  of  designing  objectives  and  assigning 
responsibilities.  The  practice  of  setting  time  limits  has  much  in  its 
favor  and  should  be  followed  in  any  specific  program  for  research 
aimed  at  solving  problems  basic  to  the  animal  industry  program. 
Until  many  of  these  problems  are  solved  any  progressive  improve- 
ment program  or  extension  service  will  inevitably  find  itself  em- 
barrassed by  a  lack  of  information. 


RALPH    W.    KIDDER 


V; 


Animal  Feeds  and  Feeding 

isits  to  farm  dairies  revealed  no  established  pro- 
grams of  feeding  concentrates.  Some  farmers  fed 
mixed  feeds  purchased  from  the  Dos  Pinos  Dairy  Cooperative  or 
from  the  Consejo  Nacional  de  Produccion,  an  autonomous  gov- 
ernmental organization.  Others  fed  only  cottonseed  meal  or 
cottonseed  meal  with  molasses.  Very  few  fed  concentrates  in  pro- 
portion to  milk  production.  Nearly  all  fed  chopped  forage,  usually 
cut  by  hand  and  hauled  in  bulk  to  the  barn  in  oxcarts  before  chop- 
ping. The  cows  were  turned  out  to  pasture,  mostly  for  exercise, 
for  a  few  hours  each  day.  The  usual  bedding  material  was  sawdust 
and/or  wood  shavings. 

The  Feed  Situation 

Absence  of  corn  from  the  feed  rations  was  due  in  part  to  a 
support  price  through  the  Consejo,  which  valued  corn  at  near  a 
$3  per  cwt.  equivalent.1  At  this  price  corn  can  be  used  as  food  for 
human  consumption  but  not  as  livestock  feed.  Corn  can  be  grown 
at  a  profit  with  improved  methods,  but  the  government  support 
price  does  not  create  an  incentive  to  grow  corn  more  economi- 
cally. Thus  the  shortage  of  energy-type  feeds  necessitates  continued 
study  of  corn  and  sorghum  production  as  well  as  a  search  for  sub- 
stitutes. A  limited  quantity  of  palm  kernel  meal  is  available  in  Costa 
Rica.  It  has  more  protein  and  fat  but  less  carbohydrate  than  corn. 
Coffee  pulp  and  cacao  pulp  are  similar  to  citrus  pulp  in  analysis 
and  feeding  value. 

Two  possible  substitutes  are  the  pod  of  the  cacao  and  the  pulp 
from  the  coffee.  Both  of  these  industries  need  the  economic  lift 
that  can  be  derived  from  use  of  their  waste  products.  They  also 
need  to  find  ways  to  improve  and  standardize  the  quality  of  their 
products.  No  important  improvement  in  cacao  production  methods 
has  been  made  for  about  40  years,  and  world  competition  makes 
necessary  the  production  of  a  high-quality  cacao  bean  for  export. 
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TABLE  1. — Proximate  Analyses  of  Costa  Rican  Products  with  Some  Other 

Feeds  for  Comparison 


Per 

cent 

MOISTURE 

PROTEIN 

ASH 

FIBER 

FAT 

N.F.E. 

Cacao  Pulp 

4.3 

8.2 

— 

29.7 

1.8 

49.0 

Turrialba— De  Alba— 1954 

12.32 

6.75 

— 

33.76 

0.8 

39.31 

Cacao  Pulp — dry 

12.60 

8.11 

7.58 

34.82 

3.29 

33.59 

Haines— 1955 

dry  basis 

9.27 

8.67 

39.83 

3.76 

38.47 

Cacao  Pulp 

dry  basis 

7.13 

5.95 

36.40 

2.19 

43.33 

Dittman— Brazil— 1958 

Cacao  Pulp    (fresh) 

81-84 

Fehmerling — 1959 

dry  basis 

8.66 

8.11 

26.96 

3.26 

53.01 

Citrus  Pulp    (Fla.) 

— 

7.03 

6.50 

15.22 

5.92 

65.33 

Coffee  Pulp — dry 

8.94 

8.70 

15.61 

3.10 

63.65 

Choussy — San  Salvador 

— 

Corn  Meal 

11.6 

9.3 

1.5 

2.5 

4.8 

70.3 

Palm  Kernel  Cake 

7.85 

14.3 

3.1 

13.0 

11.1 

50.65 

Average  of  4  sources 

The  present  harvesting  procedure  is  to  gather  the  cacao  pods 
and  open  them  with  a  machete;  then,  with  bare  hands,  to  dig 
out  the  beans  and  discard  the  pods.  The  beans,  collected  in  boxes, 
begin  to  ferment,  with  no  control  over  the  fermentation  time  or 
temperature.  In  some  instances  an  average  of  one  bean  per  pod 
is  damaged  with  the  machete.  Such  injured  beans  never  reach  the 
market.  A  plan  now  proposed  would  deliver  the  pods  to  a  central 
plant  where  they  can  be  cracked  and  the  beans  separated  mechani- 
cally. The  fermentation  process  would  be  under  complete  control 
and  the  pods  could  be  shredded,  dried,  and  prepared  for  livestock 
feed. 

A  similar  process  will  be  investigated  for  making  feed  from  the 
coffee  pulp.  Such  a  program  may  have  its  effect  on  these  indus- 
tries in  other  parts  of  the  world.2 

Milk  Production 

Dairy  cows  in  Costa  Rica  are  closely  related  to  or  are  descend- 
ants of  some  of  the  highest  producing  cows  in  North  America.  An 
excellent  program  of  breeding  is  in  operation  through  technicians 
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in  the  Animal  Husbandry  Section  of  the  Ministry.  The  three  oper- 
ative phases  include  pedigree  registrations  and  records,  milk 
production  records,  and  artificial  insemination.  These  excellent 
records  indicate  ( 1 )  that  the  inherited  capacity  for  milk  produc- 
tion of  the  dairy  cows  of  Costa  Rica  is  excellent,  (2)  that  the 
breeding  program  should  improve  or  at  least  maintain  this  level 
of  production  capacity,  ( 3 )  that  most  of  the  cows  actually  produce 
far  less  milk  than  could  be  expected  from  their  pedigrees,  (4)  that 
improved  efficiency  of  production  could  be  attained  through  more 
culling  of  low-producing  cows,  and  ( 5 )  that  growing  conditions  for 
herd  replacements  may  not  allow  the  animal  to  develop  its  produc- 
tion capacity  to  its  full  inheritance. 

The  problem  of  milk  production  thus  becomes  one  of  proper 
nutrition  or  feeding,  involving  both  major  and  trace  minerals,  and 
protein,  energy,  and  balance  with  roughage.  The  moisture  content 
of  forages  may  be  a  limiting  factor  in  the  feeding  value.  An  im- 
portant item  in  economical  feeding  is  the  storing  of  forage  grown 
during  the  rainy  season  for  feeding  in  the  dry  season.  These  ques- 
tions are  under  study,  and  the  progress  made  in  the  pasture 
production  program  at  El  Alto  is  very  commendable.  Credit  is  due 
in  part  to  Romano  Orlich  and  Mario  Guash  for  their  forage  pro- 
duction program.3  They  have  put  into  operation  many  ideas  and 
suggestions  from  various  STICA  personnel  relative  to  grass  varie- 
ties, corn-growing  methods,  silage  making,  terracing  and  strip 
crop  farming,  pasture  maintenance,  and  fertilization  and  irrigation 
of  hilly  land. 

Growing  Cattle  for  Beef 

Beef  cattle  in  Costa  Rica  are  produced  almost  exclusively  on 
pasture.  Very  little  supplementation  with  concentrate  feeds  is  prac- 
ticed. For  this  reason  the  importance  of  pasture  management  can- 
not be  overemphasized.  W.  G.  Blue,  pasture  agronomist  under  the 
University  of  Florida/STICA  Contract,  and  his  Costa  Rican  coun- 
terparts are  working  on  this  problem. 

Most  of  the  beef  cattle  are  grown  in  Guanacaste  Province.  Cattle 
marketed  from  this  area  weighing  500  kilograms  each  are  usually 
at  least  3%  years  old.  Records  at  the  El  Capulin  Experiment  Sta- 


Some  cattle  starve 
during  the  dry  sea- 
son on  the  Pacific 
lowlands 


tion  indicate  that  cattle  can  attain  this  weight  by  30  months  of 
age.  The  amount  of  grass  required  to  keep  one  steer  to  4  years  of 
age  would  feed  two  steers  to  30  months.  In  addition,  since  the 
meat  from  the  younger  steer  would  be  more  tender  it  would  be 
worth  more  per  pound.  Hence,  it  is  not  good  economy  to  hold  the 
steers  to  an  advanced  age  before  selling. 

Assuming  that  grass  is  between  75  and  80  per  cent  moisture 
and  that  a  700-pound  steer  would  require  15  pounds  of  dry  hay 
daily  for  maintenance,  the  amount  of  green  grass  needed  to  keep 
a  steer  for  a  year  would  be  between  10  and  11  tons.  From  six 
months  to  30  months  (2  years)  a  steer  might  consume  20  tons 
of  grass.  If  given  a  small  amount  of  extra  feed  during  the  dry 
season  he  could  grow  to  1,000  pounds  at  this  age.  If  kept  to  5 
years,  he  would  consume  50  tons  of  grass  for  maintenance,  plus 
some  extra  for  gains,  and  arrive  at  1,000  pounds  in  60  months. 
This  same  50  tons  of  grass  could  be  used  to  grow  two  steers  to 
1,000  pounds  instead  of  only  one.  Whenever,  during  this  five-year 
period,  there  is  less  than  50  to  60  pounds  of  grass  available  daily, 
the  steer  will  lose  weight  which  must  be  regained  when  more  grass 
becomes   available.   To   grow  the   cattle  to  market  weight  in   30 


A  jeep  is  nearly  lost 

in  the  lush  pastures 

of  the  Atlantic 

coastal  area 


months,  it  may  be  necessary  to  give  the  calves  a  small  amount  of 
supplementary  feed  following  weaning  and  the  steers  may  need 
reserved  forage  during  the  second  dry  period.  A  possible  solution 
to  this  problem  would  be  to  move  the  steers  from  the  dry  Guana- 
caste  pastures  to  the  Atlantic  lowlands  where  adequate  rain  makes 
grass  grow  continuously. 

Records  at  El  Capulin  show  that  calves  born  at  the  beginning 
of  the  rainy  season  are  90  kilograms  heavier  at  one  year  than 
calves  born  early  in  the  dry  season.  Records  in  Florida  indicate 
that  cows  do  not  come  in  estrus  when  on  near-starvation  rations. 
Hence  the  logical  program  for  both  cow  and  calf  would  be  a  breed- 
ing season  limited  to  the  last  half  of  the  rainy  season.  With  such 
drastic  competition  for  the  few  blades  of  grass  available  during 
the  dry  season  there  are  two  classes  of  cattle  that  should  not  be 
retained.  These  are  steers  past  36  months  of  age  and  barren  or 
open  cows.  With  a  calf  crop  of  50  per  cent  there  must  be  many 
cows  that  should  be  sold  for  beef  as  a  result  of  a  pregnancy  check 
30  to  40  days  after  the  close  of  the  breeding  season.  It  would  take 
several  years  to  get  such  a  plan  in  operation  on  a  ranch. 


animal  feeds  and  feeding  143 

Minerals  for  Cattle 

Cattle  require  quality,  quantity,  and  balance  of  digestible  nutri- 
ents to  perform  normally.  However,  if  there  are  mineral 
deficiencies,  mineral  toxicities,  or  abnormal  balance  of  minerals 
in  the  feed  ration,  the  benefits  of  balanced  nutrient  intake  are 
not  sufficient  to  allow  the  animal  to  produce  the  maximum  poten- 
tial of  its  inherited  capacity.  Deficiencies  or  toxicities  from  trace 
elements  cause  ill  health  or  disease,  and  we  know  that  unhealthy 
cattle  are  not  efficient  in  their  ability  to  use  the  nutrients  in  their 
feed  ration.  The  cow  is  capable,  within  reasonable  limits,  of  ad- 
justing her  intake  of  mineral  elements,  and  producing  some  of 
the  essential  vitamins  through  bacterial  action  in  her  rumen.  This 
capacity  is  limited  when  certain  elements  are  not  present  in  ade- 
quate amounts  or  when  some  elements  are  present  in  quantities 
which  constitute  an  overdose  or  toxic  level.  This  subject  is  thor- 
oughly discussed  in  Morrison's  Feeds  and  Feeding} 

Analyses  records  of  Costa  Rican  forages  for  minerals  are  very 
limited.  For  best  study  of  this  subject,  several  hundred  forage 
samples  should  be  carefully  prepared  and  analyzed.  A  start  was 
made  in  1953  when  Romano  Orlich  and  George  K.  Davis5  took 
40  forage  samples,  prepared  them  in  the  El  Alto  laboratory,  and 
sent  them  to  the  University  of  Florida,  Gainesville,  for  analysis. 
The  results  follow. 

1.  All  40  samples  were  very  low  in  magnesium,  representing 
approximately  one-tenth  of  what  is  considered  normal  in  forage. 

2.  Most  of  the  samples  contained  normal  to  slightly  high  content 
of  copper. 

3.  While  2  parts  per  million  is  considered  a  toxic  level  of  molyb- 
denum, these  samples  showed  levels  from  less  than  one  to  as  high  as 
9.8  parts  per  million. 

4.  Of  the  40  samples  : 

40  were  low  in  magnesium 

22  were  high  in  molybdenum — more  than  2  ppm. 

12  were  low  in  phosphorus — less  than  0.2  per  cent. 

7  were  high  in  manganese — more  than  100  ppm. 

5  were  low  in  copper — less  than  10  ppm. 

2  showed  less  calcium  than  phosphorus. 
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5.  Average  results  from  various  sections  of  the  country: 

Meseta  Central  16.7  ppm.  Copper  2.68  ppm.  Molybdenum 

Volcanic   Highlands  15.4  "  "       3.88  " 

Reventazon  Valley  14.5  "  "       2.53  " 

Atlantic  Lowlands  11.1  "  "       1.21  " 

Guanacaste  20.1  "  "       3.73  " 

6.  Thirty  of  the  40  samples  were  five  varieties  of  grass  with  average 
ppm.  as  follows: 


Grass  Vai 

riety 

No. 

Samples 
8 

Av.  Cu. 

Av.  Mo. 

Gigante 

13.9 

2.99 

Imperial 

9 

14.4 

2.25 

Kikuyu 

7 

18.5 

3.52 

Molasses 

4 

14.7 

2.41 

Guinea 

2 

21.0 

4.95 

Similar  samples  should  be  prepared  from  forages  collected  at 
seasonal  intervals  from  the  same  plots  and  from  different  forage 
varieties  in  each  of  the  representative  areas  of  the  country.  A 
valuable  addition  to  this  record  would  be  liver  biopsy  analyses 
from  cattle  grazing  some  of  the  pastures  shown  to  be  abnormal 
in  their  mineral  balance,  including  the  animals  on  controlled 
intake  of  corrective  minerals. 

On  the  basis  of  available  data  a  standard  mineral  mixture  for 
Costa  Rican  cattle  should  not  include  extra  calcium  in  the  form 
of  ground  oyster  shell.  Although  satisfactory  in  poultry  and  hog 
minerals  it  is  not  indicated  for  cattle.  Since  some  forage  samples 
indicate  high  enough  levels  of  manganese  to  produce  breeding 
problems  it  should  not  be  included  in  the  mixture.  The  low  level 
of  magnesium  in  all  samples  indicates  that  epsom  salts  should  be 
included  in  the  mineral  mixture  for  both  beef  and  dairy  cattle  in 
all  areas  of  Costa  Rica.  This  low  level  or  deficiency  of  magnesium 
in  the  forage  may  be  a  contributing  factor  to  a  condition  called 
grass  tetany,  which  is  associated  with  a  very  low  content  of  mag- 
nesium in  the  blood.  The  condition  appears  to  be  somewhat 
similar  to  milk  fever  but  is  not  limited  to  the  period  immediately 
following  calving.  It  may  also  affect  dry  cows,  steers,  and  calves. 

Copper  should  be  included  as  an  alleviator  of  toxicity  from 
excess  molybdenum.  While  analyses  show  adequate  amounts  of 
copper,    the   cattle   show   symptoms   associated   with   copper   defi- 
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ciency — not  the  indications  of  severe  copper  deficiency  which 
produce  rachitic  calves,  extreme  bleaching  of  the  hair,  and  abnor- 
mal gait  known  as  "paces" — but  the  milder  effects  of  swollen 
ankles  in  calves  6  to  18  months  old,  diarrhea,  rough  hair  coat, 
and  loss  in  weight  especially  during  the  first  month  of  the  rainy 
season.  Slow  growth  of  calves  even  though  well  fed  with  forage 
or  pasture  could  be  the  result  of  this  excess  molybdenum.  Cer- 
tainly this  is  a  problem  which  cannot  be  solved  in  one  year,  but 
enough  progress  should  be  made  through  demonstration-type 
experiments  to  make  a  recommendation  for  a  much  better  mineral 
mixture  than  is  now  in  use.  Oral  reports  from  one  of  these  trials 
indicate  benefit  from  feeding  copper  and  cobalt. 

Hog  Production 

Many  operators  of  ranches  and  farms  in  Costa  Rica  are  inter- 
ested in  growing  and  fattening  pigs.  There  is  a  strong  demand  for 
pork  and  with  the  growing  population  this  demand  should  be 
more  than  temporary. 

Hogs  need  energy  feeds  as  well  as  proteins.  The  discussion  of 
corn  under  dairy  feeds  is  just  as  pertinent  to  pig  feeds.  A  few 
producers  are  successfully  feeding  cooked  garbage,  and  some 
have  sources  of  special  feeds  such  as  slaughterhouse  by-products. 
A  few  tons  of  rice  feeds  are  available  annually,  and  in  the  Atlantic 
lowlands  cull  bananas,  yuca,  and  several  other  root  crops  seem  to 
meet  the  needs  of  pigs. 

When  corn  and  sorghum  grains  become  sufficiently  abundant, 
there  will  be  need  for  pigs.  Pig  feed  on  a  dry  basis  must  cost  less 
than  one-fourth  the  price  of  the  market  hog,  since  it  takes  four 
pounds  of  highly  nutritive  dry  feed  to  produce  one  pound  of  gain 
in  a  pig. 

Meat 

Since  meat  as  a  human  food  is  the  ultimate  goal  of  cattlemen 
and  hog  producers,  markets  and  marketing,  even  to  include  retail 
trades,  become  important.  Meat  dealers  in  Costa  Rica  are  in  the 
midst  of  a  change  from  selling  freshly  killed  meats  to  selling 
chilled  meat.  Many  of  the  store  operators  as  well  as  the  buying 
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public  resist  this  change.  In  many  cases  the  fat  is  removed  from 
the  carcass  at  the  wholesale  plant,  and  the  retail  merchant  receives 
only  the  lean  meat.  In  this  condition  the  keeping  quality  under 
refrigeration  is  greatly  hampered;  the  flavor  of  this  meat  is 
lessened,  and  the  losses  through  spoilage  and  trimming  are  exces- 
sive. Some  excellent  work  along  the  lines  of  improved  marketing 
has  been  done  by  Adolf  Willy,  ICA  Meat  Cutting  Specialist.  His 
recommendations  should  be  made  available  to  the  industry  in  such 
a  way  that  the  local  people  will  accept  them  as  a  better  and  more 
profitable  way  of  conducting  their  business. 

Transportation 

Growth  of  the  cattle  and  hog  industries  in  Costa  Rica  will  re- 
quire better  transportation  facilities  if  they  are  to  keep  ahead  of 
the  growing  population  trend  of  this  country.  Two  important 
causes  of  loss  of  meat  are  injury  to  animals  en  route  to  market 
and  excessive  shrinkage  due  to  the  time  required  to  move  them 
from  ranch  to  abbatoir.6  Since  the  consumer  pays  for  these  losses 
in  the  increased  price  of  meat,  everyone  who  eats  meat  should  be 
interested  in  improving  the  total  situation. 

The  lowlands  to  the  east  and  north  and  the  Pacific  area  south 
of  Nicoya  Bay  need  farm-to-market  roads.  Anyone  who  does  not 
agree  must  surely  have  never  visited  these  areas.  There  is  not 
much  incentive  to  produce  farm  products  where  the  marketing  is 
so  difficult.  A  railroad  built  to  meet  the  needs  of  1900  is  inade- 
quate for  the  prosperous  national  economy  of  1960. 

A  small  investment  would  substantially  improve  one  present 
means  of  marketing.  Cattlemen  from  the  Quepos  area  and  from 
the  Nicoya  peninsula  deliver  cattle  by  barge  to  Puntarenas,  where 
they  can  be  unloaded  only  at  high  tide  and  then  have  to  be  driven 
several  miles  to  the  cattle  pens  at  Barranca  for  loading  on  the 
train.  A  pen  for  cattle  should  be  built  near  the  railroad,  near  water 
deep  enough  to  float  a  barge  at  low  tide.  Other  areas  around 
Nicoya  peninsula  could  use  such  facilities,  and  a  pen  located  at 
the  mouth  of  the  Barranca  river  would  be  advantageous.  Also, 
Puerto  Jesus  on  Nicoya  peninsula  needs  to  have  its  harbor  dredged 
deep  enough  to  carry  a  loaded  barge  at  low  tide. 
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Literature 

Books  and  bulletins  on  animal  husbandry  in  the  Spanish  lan- 
guage are  not  plentiful.  One  edition  of  Morrison's  Feeds  and 
Feeding  has  been  printed  in  Spanish.  Jorge  de  Alba's  very  good 
book,  Alimentacion  del  Ganado  en  la  America  Latina  (Mexico: 
Prensa  Medica  Mexicana,  1958),  is  another  worth-while  text. 
McGraw-Hill  Book  Co.  published  (1956)  Carroll  and  Krider's 
Swine  Production  in  Spanish.  Hodgson  and  Reed  wrote  a  Spanish 
manuscript  entitled,  Manual  de  Lecheria  para  la  America  Tropical 
(U.S.  Govt.  Printing  Office,  1943),  which  is  no  longer  available. 
Search  of  library  facilities  at  STICA  and  at  Turrialba  shows  that 
most  all  the  animal  husbandry  data  are  in  English,  which  limits 
their  usefulness  in  Spanish-speaking  countries. 

The  Department  of  Agriculture,  State  of  Florida,  has  published 
a  300-page  bulletin  entitled  Beef  Cattle  in  Florida,  edited  by  L.  H. 
Lewis  and  T.  J.  Cunha.  Most  of  the  chapters  were  written  by  mem- 
bers of  the  staff  of  the  University  of  Florida.  A  few  chapters  apply 
quite  definitely  to  Florida  conditions  and  would  have  to  be 
rewritten  for  Latin  American  use.  Many  other  chapters  could  be 
translated  directly,  with  slight  editorial  changes.  Thus  adapted, 
this  bulletin  would  make  a  valuable  contribution  to  the  animal 
husbandry  literature  of  all  Latin  America. 

NOTES 

1.  The  Consejo  Nacional  de  Produccion  is  the  price  stabilization  agency  of 
Costa  Rica.  Corn  is  one  of  several  products  which  the  Consejo  buys  from  farmers 
at  set  minimum  prices. 

2.  Contractor's  note:  A  trial  run  in  the  drying  of  coffee  pulp  was  made  by  the 
Compania  Empacadora  de  Costa  Rica,  Ltda.,  on  November  21,  1959. 

3.  Romano  Orlich  is  Head,  Costa  Rican  Livestock  Department,  and  Mario 
Guash  is  Supervisor  of  the  El  Alto  Experiment  Station  (Dairy). 

4.  Frank  B.  Morrison,  Feeds  and  Feeding  (New  York:  Morrison,  1956), 
Chapter  VI. 

5.  Animal  Nutritionist,  Florida  Agricultural  Experiment  Station,  Gainesville, 
Florida.  Visited  Costa  Rica  in  1953  at  the  invitation  of  the  Minister  of  Agriculture. 

6.  Gregorio  Alfaro,  El  Mane  jo  y  Destace  de  Ganado  para  Came  (San  Jose: 
STICA,  1959). 


D.  A.  SANDERS 


Livestock  and  Poultry  Diseases 


M 


odern  transportation  facilities,  closely  connecting 
the  world's  commerce  and  travel,  have  created  a 
precarious  situation  in  this  hemisphere  in  the  transmission  of 
major  animal  plagues  that  have  for  centuries  devastated  the  herds 
and  flocks  of  the  Orient.  Costa  Rica  may  well  be  proud  of  her  ac- 
complishments in  controlling  indigenous  livestock  and  poultry  dis- 
eases and  in  excluding  exotic  diseases  through  application  of  basic 
sanitary  preventive  measures  discovered  through  research. 

The  rapid  developments  in  Costa  Rica's  livestock  and  poultry 
industries  and  their  role  in  the  over-all  economy  make  it  desirable 
to  develop  preventive  measures  for  prevalent  parasite  and  disease 
problems  which,  if  left  uncontrolled,  will  result  in  serious  economic 
loss.  Work  in  fundamental  research  in  animal  diseases,  compar- 
able to  her  excellent  livestock  sanitary  disease  prevention  program, 
would  be  possible  by  establishment  of  a  research  unit  with  its 
assigned  technicians  and   operating  budget. 

If  such  research  in  animal  and  poultry  diseases  and  parasites  is 
initiated,  the  University  of  Florida  has  facilities  for,  and  would  be 
in  position  to  offer,  broad  perspective  short-term  studies  to  Costa 
Rican  technicians  recommended  for  assistance  under  the  Univer- 
sity of  Florida-Costa  Rica  contract.  This  program  would  serve  the 
dual  purpose  of  acquainting  Costa  Rican  technicians  with  Florida 
personnel,  laboratory  facilities,  research  methods,  and  field  and 
laboratory  experiments.  The  natural  sequence  would  be  exchange 
assignment  of  Florida  veterinary  research  personnel  to  Costa  Rica 
for  periods  decided  upon  by  the  contracting  authorities. 

The  Veterinary  Department 

The  scope,  functional  activities,  duties,  and  responsibilities  of 
the  Department  of  Veterinary  Science  of  the  Costa  Rican  Agricul- 
tural Experiment  Station  are  broad  and  inclusive.  They  embrace 
all  regulatory  functions  dealing  with  the  control  of  infectious,  con- 
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tagious,  transmissible  diseases,  ailments,  and  abnormal  conditions 
of  livestock  and  poultry.  The  department  issues  licenses,  and  con- 
trols, under  the  Ministry  of  Agriculture,  importations  and 
exportations  of  animals,  animal  products  and  their  derivatives, 
animal  feeds,  certain  agricultural  products,  veterinary  medical 
supplies,  commercial  serums,  bacterins,  vaccines,  and  other  ma- 
terials considered  to  be  potentially  dangerous  from  the  standpoint 
of  exotic  disease  introduction. 

The  Veterinary  Department  has  as  its  chief  function  the  formu- 
lation, establishment,  and  enforcement  of  sanitary  regulations, 
which  includes  inspection  of  coastal,  air,  and  border  ports;  and 
the  cleaning  and  disinfection  of  transportation  equipment  for  pro- 
tection of  the  country's  livestock  and  poultry  populations  against 
introduction  of  such  devastating  foreign-animal  diseases  and 
plagues  as: 

Foot-and-mouth  disease  Rabies  ( canine ) 

Contagious  pleuropneumonia  Rinderpest 

Chronic  respiratory  disease  Hog  cholera 

Theileriasis  East  Coast  fever 

Trypanosomiasis  Rickettsial  infection 
Anthrax  ( Heartwater ) 

Fowl  plague  Swine  erysipelas 

As  of  June  30,  1953,  foot-and-mouth  disease  has  existed  in 
practically  all  major  livestock  producing  countries  of  the  world 
except  Australia,  Canada,  New  Zealand,  and  the  United  States, 
and  constant  surveillance  against  its  introduction  is  essential. 

The  Veterinary  Department  personnel  undertakes  extension 
work  and  service  activities  in  the  diagnosis,  prescribing,  and 
treatment  of  ailments  of  livestock  and  poultry  owned  by  various 
governmental  institutions,  including  the  Inter-American  Institute 
of  Agricultural  Sciences  at  Turrialba.  This  service  is  also  extended 
to  livestock  owners  dealing  specifically  with  prevention  and  con- 
trol of  dangerous  animal  diseases  transmissible  to  man,  such  as 
anthrax,  brucellosis,  tuberculosis,  and  mastitis.  In  this  connection 
cooperative  consultative  service  exists  with  Costa  Rican  public 
health  officials.  Veterinary  personnel  has  a  close  working  relation- 
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ship  with  the  pathologist,  bacteriologist,  and  other  laboratory 
technicians  of  the  Hospital  San  Juan  de  Dios  located  in  San  Jose. 
These  activities,  including  official  correspondence,  secretarial  and 
committee  work,  consultation,  official  conferences,  and  other  related 
regulatory  matters,  are  conducted  mainly  from  offices  located  in 
the  Ministry  of  Agriculture  Building  in  downtown  San  Jose. 

The  staff  consists  of  specially  trained  scientists,  thoroughly  ca- 
pable and  pre-eminently  qualified  to  organize,  plan,  and  execute 
research,  and  to  apply  results  obtained  towards  solution  of  live- 
stock and  poultry  disease  problems.  Moreover,  these  scientists  are 
endowed  with  pleasing  personalities,  high  professional  integrity, 
conservative  concept,  scientific  approach,  and  ability  to  evaluate 
animal  disease  problems  affecting  the  economy.  They  are  render- 
ing a  highly  commendable  and  tremendously  successful  service  to 
Costa  Rica's  livestock  and  poultry  industries  and  to  the  country's 
over-all  economy  and  well-being  through  performance  of  the  many 
important  and  varied  service  functions  herein  mentioned. 

As  a  further  safeguard  against  losses  from  livestock  diseases, 
veterinary  inspection  stations  are  being  established  at  strategic 
points  throughout  the  country.  It  should  be  emphasized  that  the 
small  nucleus  of  veterinary  scientists,  in  its  relation  to  Costa  Rica's 
livestock  and  poultry  disease  problems,  is  rendering  service  com- 
parable to  the  combined  United  States  federal  quarantine,  regu- 
latory, and  extension  service;  the  several  state  livestock  sanitary 
animal  disease  control  boards;  and  the  agricultural  experiment 
stations  of  the  land-grant  colleges  and  universities.  As  a  result, 
Central  American  republics  look  to  Costa  Rica  for  aid,  advice, 
assistance,  and  recommendations  on  animal  disease  problems. 

Laboratory  and  Equipment 

The  experiment  station  at  El  Alto  has  been  provided  with  physi- 
cal facilities  in  the  way  of  a  modern  research  laboratory  and  office 
building  together  with  much  scientific  equipment  and  apparatus 
suitable  for  conducting  research  in  animal  diseases.  It  is  evident  that 
considerable  thought,  planning,  and  financial  support  has  been  di- 
rected toward  constructing  and  equipping  the  research  unit.  Much  of 
the  modern  equipment  exists  in  no  other  Central  American  republic. 
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Diseases 

Some  of  the  more  important  livestock  and  poultry  diseases 
known  to  exist  in  Costa  Rica  include  the  following: 

Internal  parasites  External  parasites 

(Many  species,  including  (Many  species,  including 

Hypoderma  hominis — torsalo)  ticks,  lice,  flies,  mosquitoes) 

Infectious  bovine  mastitis  Enzootic  bronchopneumonia 

Hemorrhagic  septicemia  Actinomycosis 

Blackleg  Anthrax 

Necrophorus  (foot  rot)  Malignant  edema 

Tuberculosis  Brucellosis 

Anaplasmosis  Piroplasmosis 

Aspergillosis  Newcastle  disease 

Vesicular  stomatitis  Avian  leucosis  complex 

Lack  of  research  and  investigations  leaves  doubt  as  to  the  exact 
identity  of  many  diseases,  ailments,  and  abnormal  conditions 
existing  in  Costa  Rican  livestock  and  poultry.  As  research  pro- 
gresses and  facilities  are  made  available,  the  nature,  etiology,  and 
control  measures  of  the  following  suspected  diseases  will  be 
determined: 

Actinobacillosis  Trichomoniasis 

Vibriosis  Leptospirosis 

Listeriosis  Trypanosomiasis 

X-disease  Poisonous  plants 

Infectious  bronchitis  Laryngo-tracheitis 

Chronic  respiratory  disease  Pullet  disease 

Work  in  Progress 

Regulatory. — As  discussed  above. 

Artificial  insemination. — Veterinary  specialists  of  the  Animal 
Husbandry  department  are  making  valuable  contributions  to  the 
cattle  industry  of  Costa  Rica  through  an  artificial  insemination 
project.  Success  of  the  program  is  indicated  by  the  high  percentage 
of  pregnancies  obtained,  by  the  type  of  bulls  in  use,  and  by  the 
prevention,  control,  and  correction  of  diseases  and  abnormal  con- 
ditions of  the  genital  organs  of  valuable  cattle. 

Experimental. — Necessity  of  assigning  the  present  staff  to 
essential  regulatory,  diagnostic,  and  field  service  work  connected 
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with  the  protection  and  preservation  of  the  Costa  Rican  livestock 
and  poultry  industry,  has  precluded  initiation  of  basic  research 
on  diseases.  It  should  be  stated  that  no  Central  American  republic 
is  engaged  in  or  conducting  research  on  animal  and/or  poultry 
diseases  indigenous  to  the  region.  Moreover,  there  exists  no  unified 
Central  American  livestock  sanitary  board  or  other  organization 
which  assembles  for  joint  deliberations  and  protective  action  con- 
cerning foreign  or  domestic  livestock  diseases  of  mutual  interest 
to  the  several  republics. 

Suggested  Research 

Investigations  on  the  following  diseases  could  be  closely  corre- 
lated and  coordinated  with  those  under  way  at  the  University  of 
Florida  Agricultural  Experiment  Station,  Department  of  Veterinary 
Science: 

Internal  parasites  External  parasites 

Infectious  bovine  mastitis  Newcastle  disease 

Anaplasmosis  Hemorrhagic  septicemia 

Vibriosis  Actinobacillosis  Leptospirosis 

Recommendations 

Research. — Should  fundamental  research  in  animal  and/or 
poultry  diseases  be  initiated  in  Costa  Rica,  it  could  be  accom- 
plished by  assigning  scientific  personnel  and  assistants  to  full- 
time  research  work  at  El  Alto.  By  so  doing  the  entire  time,  energy, 
and  attention  of  the  several  research  workers  would  be  devoted 
uninterruptedly  to  investigating  the  nature,  cause,  pathogenicity, 
methods  of  spread,  prevention,  and  control  of  those  infectious, 
contagious,  transmissible,  and  parasitic  diseases  and  ailments  of 
livestock  and  poultry  that  affect  the  general  economy.  Past  ex- 
perience has  shown  that  in  order  for  a  research  program  to  be 
productive,  and  to  preserve  continuity  of  work  initiated,  the  re- 
search staff  must  of  necessity  be  relieved  of  routine  day-to-day 
diagnostic,  regulatory,  control,  and  field  service  work.  Diagnostic 
service  could  be  coordinated  with  research  so  that  important  and 
pressing  disease  problems  encountered  on  farms,  ranches,  and  in 
poultry  establishments  could  be  referred  to  the  research  staff  to 
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develop  additional  information  needed  in  practical  control  or 
prevention. 

Scientific  Literature. — It  is  essential  that  research  workers  have 
access  to  current  scientific  publications,  abstracts,  journals,  and 
standard  texts. 

Salaries  and  Personnel. — Physical  facilities  in  the  way  of  labo- 
ratory and  office  buildings  and  equipment  are  necessarily 
important  in  research.  Equally  important  is  the  attracting,  assem- 
bling, and  holding  of  well-trained,  capable,  scientific  staff  interested 
in  and  devoted  to  research;  a  staff  able  to  conceive,  plan,  organize, 
develop,  and  execute,  by  means  of  modern  techniques,  scientific 
investigations  for  the  solution  of  livestock  and  poultry  disease 
problems.  It  is  known  that  many  young  Costa  Rican  scientists  are 
drained  away  from  the  country  because  of  the  low  salary  schedule 
now  in  effect.  Costa  Rica  can  ill  afford  to  lose  the  talent  of  its 
young,  ambitious,  energetic,  native  sons  who  by  hardship,  perse- 
verance, and  ingenuity  have  attained  special  educational  training 
at  high  cost.  Since  competition  in  securing  research  talent  is  keen 
among  the  civilized  countries,  promising  young  scientists  must  be 
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ferreted  out,  encouraged  to  study  abroad  and  return  home,  where 
their  maximum  contribution  to  the  country's  economic  develop- 
ment will  be  possible.  This  will  materialize  if  salaries  commensurate 
with  training,  capabilities,  and  qualifications  are  available. 

Torsalo — Hypoderma  hominis  in  Cattle. — Destructiveness  pro- 
duced by  torsalo  to  the  cattle  industry  of  the  Central  American 
republics  warrants  serious  consideration  and  joint  action  of  the 
several  countries.  Moreover,  the  torsalo  fly,  and  the  disease  which 
it  subtends,  is  gradually  extending  its  geographical  range  and 
adapting  itself  to  the  higher  altitudes  and  cooler  regions  to  the 
north  and  south  of  its  original  habitat.  The  disease  is  reported  to 
be  established  as  far  south  as  Brazil  and  Argentina,  and  to  the 
north  in  Central  Mexico.  The  present  outlook  is  that  it  may  reach 
the  United  States.  The  many  intricate  and  varied  aspects  presented 
by  the  torsalo  problem,  and  the  many  phases  of  investigations 
needed  in  its  solution,  and  its  over-all  economic  importance  war- 
rant the  establishment  of  a  torsalo  research  commission  devoted 
to  investigation  and  experimentation  leading  to  its  prevention  and 
eradication.  Personnel  of  the  commission  should  compose  a  team 
of  specially  qualified  research  technicians  with  a  background  of 
proved  ability  in  scientific  investigation. 
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Veterinary  Education. — Since  there  is  a  shortage  of  veterinar- 
ians in  Costa  Rica  and  no  organized  plan  to  assure  educational 
training  of  veterinarians  in  the  republic,  it  is  suggested  that  pos- 
sibilities be  explored  towards  establishment  of  these  facilities. 
The  Southern  Regional  Plan  of  Veterinary  Education  has  solved 
a  great  need  in  the  United  States.  A  similar  plan  might  form  a 
basis  for  meeting  the  problem  in  Central  America. 

Livestock  Sanitary  Board. — Establishment  of  a  regional  live- 
stock board  for  unified  protection  of  the  Central  American 
republics  against  inroads  of  foreign  and  domestic  livestock  and 
poultry  diseases  would  be  of  inestimable  value  in  protecting  the 
future  economy  of  these  countries. 

Project  Statement  Outlines 

Project  statement  outlines  have  been  forwarded  to  the  MAI  for 
review  and  possible  use  by  the  Costa  Rican  Livestock  Department. 
The  outlines  cover  diseases  in  each  of  the  bacterial,  parasitic,  and 
virus  groups  of  infectious  agents  known  to  exist  in  Costa  Rica,  and 
could  serve  as  working  bases  for  initiating  research  at  the  El  Alto 
Experiment  Station  when  and  if  such  work  is  undertaken.  The 
project  outline  has  many  advantages,  such  as  defining  objectives, 
and  assigning  personnel  and  operating  funds.  It  permits  periodic 
progress  reports  on  the  work,  allows  orderly  continuity  of  research, 
and  makes  possible  the  revision  of  the  work  when  necessary.  If 
desired,  work  on  these  and  other  projects,  as  may  be  approved  by 
the  contracting  authorities,  could  be  coordinated  with  that  under 
way  at  the  University  of  Florida  Agricultural  Experiment  Station, 
Department  of  Veterinary  Science. 
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The  Dairy  Industry 

he  dairy  industry  is  one  of  the  principal  agricultural 
enterprises  of  Costa  Rica.  Although  dairying  is 
practiced  under  divergent  geographical  and  climatic  conditions 
ranging  from  the  tropical  climate  near  the  sea  coast  to  temperate 
conditions  in  the  highlands,  most  of  the  farms  are  located  in  the 
Central  Plateau  and  peripheral  areas. 

A  number  of  factors  appear  to  have  influenced  the  location  of 
the  dairy  industry  in  the  Central  Plateau  vicinity.  A  large  propor- 
tion of  the  total  population  occupying  this  area  has  been  the  major 
market  for  milk,  and  transportation  facilities  to  expedite  move- 
ment of  products  from  farm  to  market  were  developed  earliest  in 
this  locality.  Forages  grown  at  the  higher  elevations  have  been  of 
better  quality  and  more  suitable  for  dairy  cattle.  The  region  has 
been  fairly  free  of  parasites,  and  the  abundant  supply  of  cool 
water  has  served  to  help  maintain  the  quality  of  the  milk  produced. 

Good  opportunities  exist  in  Costa  Rica  for  increasing  milk  pro- 
duction through  intensification  of  efforts  on  existing  dairy  farms 
and  expansion  onto  undeveloped  land  which  has  the  requisite  soil 
types  and  moisture  relationship  to  produce  suitable  feeds.  Success- 
ful expansion  of  the  industry  into  areas  of  lower  elevation  must  be 
preceded  or  accompanied  by  production  of  excellent  quality  for- 
ages; establishment  of  satisfactory  management  programs;  and  the 
inauguration  of  a  program  for  eradication,  or  control,  of  tick  and 
torsalo. 

Breeding 

Excellent  herds  of  each  of  the  five  major  breeds  of  dairy  cattle 
are  prevalent  in  Costa  Rica.  The  quality  of  these  fine  cattle  attests 
to  the  skill  with  which  dairymen  have  selected  foundation  stock 
and  conducted  constructive  breeding  programs.  These  herds  now 
serve  as  sources  of  good  stock  for  local  buyers  and  for  exportation 
to  other  countries. 
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Attention  might  be  called  briefly  to  a  few  fundamentals  of  a 
good  breeding  program.  First,  it  is  desirable  to  use  sires  that  not 
only  have  good  pedigrees  and  conformation  but  that  also  have 
been  proven  to  transmit  high  production  and  desirable  type  to  their 
offspring.  It  should  always  be  kept  in  mind  that  excellent  pedigree 
and  individuality  do  not  assure  desirable  transmitting  ability.  The 
breeding  of  proven  sires  to  cows  that  transmit  desirable  character- 
istics and  that  are  from  cow  families  that  have  consistently 
transmitted  these  characteristics  to  their  offspring  is  the  desired 
goal  in  a  breeding  program. 

The  herd  testing  program  operated  by  the  MAI  is  providing 
data  needed  not  only  for  improvement  of  management  and  feed 
practices  but  also  for  proving  sires  and  selecting  cows  to  be  used 
in  the  breeding  program.  Any  additional  assistance  that  can  be 
given  to  dairymen  in  summarizing  data  on  the  transmitting  ability 
of  sires  and  in  recognizing  good  cow  families  in  their  herds  would 
be  effective  in  improving  their  operational  programs. 

The  artificial  breeding  program,  operated  by  the  MAI,  is  mak- 
ing available  to  the  dairy  industry  the  service  of  bulls  with 
outstanding  breeding,  thereby  reducing  the  problems  associated 
with  selection,  maintenance,  and  proving  of  sires  for  each  indi- 
vidual herd.  It  is  suggested  that  the  MAI  give  further  consideration 
to  early  inauguration  of  a  program  for  processing,  storing,  and 
utilizing  frozen  semen.  Such  a  program  would  provide  for  more 
efficient  and  long-time  use  of  bulls  proved  to  transmit  high  pro- 
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duction  and  desirable  type.  This  program  could  be  complemented 
by  the  importation  of  frozen  semen  from  proven  sires  in  other 
countries  for  use  in  breeding  outstanding  selected  dairy  cows  in 
Costa  Rica.  The  latter  procedure  should  reduce  the  necessity  for 
importing  sires  and  provide  an  effective  way  to  breed  higher- 
quality  cattle  for  local  use  and  for  exportation. 

Management 

Good  dairy  herd  management  may  be  defined  as  doing  the 
necessary  jobs  in  the  correct  manner  at  the  proper  time.  If  any 
one  of  these  factors  is  neglected,  the  effectiveness  of  the  other  two 
is  nullified.  Diligent,  timely,  and  persistent  application  of  technical 
information  to  dairy  production  is  essential,  and  an  early  improve- 
ment in  operational  efficiency  through  improvements  in  manage- 
ment should  be  effected. 

The  considerable  amount  of  dairy  husbandry  knowledge  pos- 
sessed by  the  leading  dairymen  and  the  officials  of  the  MAI  would 
improve  the  efficiency  of  dairy  farming  if  it  were  put  into  general 
practice.  In  addition,  of  course,  there  is  urgent  need  for  research 
data  and  for  exchange  of  research  information  with  personnel  of 
other  countries  to  expedite  the  advancement  of  the  dairy  industry 
in  Costa  Rica.  It  should  be  borne  in  mind,  however,  that  the  fruits 
of  prevailing  technical  knowledge,  or  that  acquired  in  the  future, 
cannot  be  realized  until  this  information  is  put  into  practice. 

The  most  important  factors  in  the  application  of  any  useful 
technical  information  are  the  interest,  enthusiasm,  cooperation,  and 
energy  of  the  people  doing  the  work — laborers  and  managers  as 
well  as  owners.  Everyone  concerned  with  the  problem  should  give 
thorough  and  exhaustive  consideration  to  ways  of  creating  more 
enthusiasm  and  initiative  on  the  part  of  dairy  employees  for  the 
correct  application  of  approved  practices  at  the  proper  times. 

Some  of  the  methods  that  have  been  effective  for  the  dissemina- 
tion of  improved  dairy  farming  practices  include  the  following: 

1.  Farm  tours  that  feature  a  few  of  the  outstanding  practices  on 
each  farm. 

2.  Organized  dairy  field  day  programs  featuring  new  and  profitable 
practices. 
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3.  Field  experiments  designed  to  study  and  to  demonstrate  the  value 
of  improved  dairy  practices. 

4.  Initiation  of  regularly  scheduled  meetings  by  a  dairy  organization 
featuring  programs  of  technical  information  and  the  exchange  of  ideas 
among  dairymen.  In  addition  to  speakers,  these  programs  might  feature 
informative  movies  on  different  phases  of  dairy  farming  obtainable 
from  the  United  States  and  other  countries. 

Some  general  management  practices  that  might  be  considered 
for  adoption  are  listed  below. 

1.  A  milking  schedule  which  allows  about  a  twelve-hour  interval 
between  milkings.  As  the  production  level  increases,  this  practice  be- 
comes more  important  in  obtaining  maximum  yield.  The  secretion  of 
milk  stops  when  the  intramammary  pressure  reaches  about  25  to  30  mm 
of  mercury. 

2.  Production  and  breeding  records  kept  and  used  as  a  basis  for 
improving  the  breeding,  feeding,  and  management  program. 

3.  Continued  improvement  in  sanitary  practices  and  refrigeration 
facilities  in  order  to  produce  more  milk  of  excellent  quality  to  sell  at 
the  premium  price  paid  for  such  milk. 

4.  Adjustment  of  breeding  program  and  adoption  of  a  feeding  pro- 
gram for  high  milk  production  during  the  base  period  to  obtain  highest 
price  for  remainder  of  annual  production. 

5.  Adoption  of  program  of  dehorning  cattle.  Calfhood  dehorning, 
using  electric  dehorner  or  caustic  sticks,  is  suggested  as  a  general 
practice. 

6.  Not  tying  legs  of  cattle  prior  to  milking.  In  addition  to  being 
unnecessary  and  time-consuming,  any  excitement  or  antagonism  this 
practice  may  create  within  the  cow  will  tend  to  inhibit  the  complete 
ejection,  or  "letdown,"  of  milk  and  thereby  will  adversely  affect 
production. 

7.  Control  and/or  eradication  programs  for  costly  diseases  such  as 
brucellosis,  mastitis,  tuberculosis,  black  leg,  etc. 

8.  Control  and/or  eradication  program  for  parasites  such  as  tick 
and  torsalo. 

Feeding 

The  thin  milk  cows  seen  in  Costa  Rica  indicate  that  the  level  of 
nutrition  is  inadequate  to  support  the  full  inherited  productive 
capacity  of  the  cattle.  Under  good  management  conditions,  an  im- 
provement in  the  level  of  nutrition  would  undoubtedly  result  in 
a  significant  increase  in  average  daily  production. 
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In  general,  a  high  average  daily  production  per  cow  tends  to  be 
profitable  since  the  labor  and  physical  facilities  required  to  care 
for  a  high-producing  cow  are  about  the  same  as  that  for  a  low- 
producing  animal.  Therefore,  attention  should  be  focused  on  nutri- 
tion (and  management)  in  an  attempt  to  utilize  inherited  produc- 
tive capacity  and  to  improve  the  efficiency  of  milk  production. 

Forages  have  served  as  the  principal  source  of  feed  for  dairy 
cattle,  with  concentrates  used  sparingly  in  the  feeding  program. 
Since  the  principal  pasture  forages  used  in  the  different  parts  of 
Costa  Rica  generally  are  known  to  dairymen  and  have  been  de- 
scribed in  other  reports  (R.  E.  Hodgson  and  A.  C.  Dahlberg,  The 
Dairy  Industry  of  Costa  Rica),  they  will  not  be  reviewed  here.  It 
seems  appropriate,  however,  to  outline  some  of  the  factors  that 
determine  the  usefulness  and  value  of  a  forage  in  animal  nutrition. 

The  three  principal  factors  that  determine  the  value  of  a  forage 
for  dairy  cattle  feeding  are  ( 1 )  the  amount  that  an  animal  will 
consume  each  day  ( palatability ) ,  ( 2 )  the  digestibility  of  the  forage 
consumed,  and  (3)  its  composition.  The  value  of  a  forage  for 
animal  productivity  purposes  is  primarily  a  product  of  these  three 
factors.  Since  the  amount  of  forage  that  an  animal  will  consume 
daily  is  affected  to  a  large  extent  by  its  quality  (digestibility  and 
composition),  this  factor  seems  to  be  the  best  single  index  of  its 
worth  in  a  feeding  program. 

Since  the  bud,  tender  leaves,  and  very  tender  stem  are  the  most 
palatable  and  nutritious  portions  of  grasses,  they  should  be  utilized 
at  the  growth  stage  when  the  forage  consumed  is  comprised  pri- 
marily of  these  parts.  When  grasses  become  more  mature  and 
fibrous,  they  have  lower  nutritive  value,  and  dairy  cattle  will  not 
eat  as  much  of  them.  Therefore,  proper  stage  of  maturity  for  opti- 
mum palatability  and  nutritive  value  is  an  essential  feature  of  a 
good  pasture  or  soiling  crop  program.  The  yield  per  manzana  is 
of  much  less  importance,  particularly  since  plants  of  good  quality 
and  satisfactory  yield  can  usually  be  found.  Fertilization  also  is 
effective  in  improving  the  palatability,  digestibility,  composition, 
and  yield  of  grasses,  and  the  use  of  manure  and  commercial  ferti- 
lizers is  encouraged  for  these  purposes. 

Although  grasses  are  now  the  principal  forage  used  in  livestock 
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feeding,  there  is  an  urgent  need  for  an  increase  in  the  production 
of  legumes.  Generally  of  higher  quality  than  grass,  legumes  are  a 
good  source  of  protein  and  minerals,  and  will  retain  high  quality 
during  longer  growth  periods,  thereby  allowing  accumulation  of 
reserve  forage  in  pastures  with  less  depreciation  in  feeding  value. 

Several  legumes  are  now  grown,  particularly  at  higher  elevations, 
and  best  growth  has  been  observed  in  pasture  areas  where  there 
has  been  heavy  accumulation  of  animal  excreta.  This  indicates  that 
plant  nutrition  deficiency  is  limiting  production  and  that  a  con- 
siderable increase  in  growth  response  may  be  obtained  by  supple- 
menting the  soil.  It  is  suggested,  therefore,  that  consideration  be 
given  to  experimental  studies  designed  to  determine  the  growth 
response  of  legumes  to  different  fertilizer  elements  and  combina- 
tions of  these  elements. 

Dairy  Farming  at  Lower  Elevations 

Observations  made  at  Turrialba  and  in  the  San  Carlos  area  indi- 
cate that  low-quality  forages,  as  well  as  parasites  and  other  factors, 
have  slowed  expansion  of  the  dairy  industry  in  these  vicinities.  On 
many  farms  some  types  of  pasture  grasses  are  allowed  to  grow  tall 
following  each  grazing,  presumably  in  order  to  control  weeds. 
Apparently,  if  these  pastures  were  kept  short,  other  weed  control 
measures  would  be  necessary.  There  is  need  for  information  on 
management  and  fertilization  programs  for  the  production  of  high- 
quality  grasses  and  legumes  adapted  to  these  areas. 

On  suitable  soil  types  and  under  other  conditions  favorable  for 
its  rapid  growth,  imperialgrass  appears  to  have  good  possibilities 
as  a  top-quality  grass  for  dairy  cattle.  At  the  immature  stage  it 
is  comprised  of  bud,  leaves,  and  very  tender  stem,  and  its  digesti- 
bility undoubtedly  is  high.  Its  palatability  to  cattle  has  been 
attested  by  many  cattlemen  and  by  Jorge  Leon,  of  the  Inter- 
American  Institute  of  Agricultural  Sciences  at  Turrialba,  who 
stated  that  it  is  the  most  palatable  and  highest  yielder  of  pasture 
plants  tested  in  their  forage  plots.  Undoubtedly  its  composition, 
digestibility,  and  palatability  would  be  improved  by  fertilization. 

Although  imperial  averages  slightly  lower  in  nitrogen  content 
than  Napier,  its  lower  fiber  content,  higher  digestibility,  and  supe- 
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rior  palatability  more  than  nullified  the  small  difference.  A  program 
to  obtain  top-quality  forage  and  high  milk  production  from  im- 
perial would  be  helpful  to  the  dairy  industry  in  this  area. 

Dairy  Farming  at  Higher  Elevations 

In  general  the  pasture  and  forage  crops  grown  in  the  highlands 
are  superior  to  those  of  other  areas.  Kikuyu  is  well  adapted  and 
responds,  both  in  quality  and  growth,  to  the  application  of  manure 
and  fertilizer.  Red  top,  velvetgrass,  and  mielcilla  are  excellent- 
quality  grasses  that  grow  well  in  this  area.  White  clover,  red  clover, 
and  lotus  major  are  some  of  the  legumes  adapted  for  growth  in 
the  highlands. 

In  areas  where  manure  had  been  applied,  the  superior  growth 
of  both  grasses  and  clovers  points  up  the  urgent  need  for  determi- 
nation of  the  proper  and  most  economical  fertilization  program  for 
the  production  of  legumes  and  for  grasses  in  the  highlands. 

It  was  reported  that  white  clover  grown  in  one  area  of  the 
highlands  was  not  relished  by  dairy  cattle.  At  the  University  of 
Florida  it  has  been  observed  that  when  white  clover  growth  slows 
and  the  plants  mature  at  a  dwarfed  size,  the  cattle  will  not  eat  as 
much  as  when  the  plants  were  growing  luxuriantly.  In  Costa  Rica 
the  solution  to  this  problem  may  be  fertilization. 

Many  pastures  in  the  highlands  appeared  to  be  overgrazed,  par- 
ticularly near  the  barn.  Consideration  should  be  given  to  main- 
taining a  suitable  balance  between  animal  numbers  and  pasture 
supply.  Likewise,  in  the  construction  of  future  milking  units,  it  is 
suggested  that  they  be  located  near  the  center  of  the  pasture  area 
to  maximize  the  forage  supply  near  the  barn  and  to  minimize  the 
distance  cows  are  required  to  walk  to  pasture.  There  appear  to 
be  advantages,  from  the  standpoint  of  both  feed  supply  and  labor 
utilization,  in  establishing  relatively  small  milking  units  strategi- 
cally located  over  a  large  farm  rather  than  in  developing  large 
barns  and  thereafter  having  to  haul  forage  to  some  of  the  cattle. 

Dairy  Farming  in  the  Central  Plateau 

The  grass  with  best  potential  quality  now  being  used  in  this 
area  is  believed  to  be  imperial.  A  program  of  management  and 
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fertilization  designed  to  obtain  maximum  palatability  and  milk 
production  from  this  grass  is  needed. 

Kikuyu  grows  in  the  Central  Plateau,  but  the  pasture  here  does 
not  appear  to  equal  that  at  the  higher  elevations.  Some  research, 
therefore,  will  be  required  to  determine  the  quality  and  produc- 
tivity of  kikuyu  grown  in  this  area. 

Large  acreages  of  molassesgrass  are  prevalent,  and  experi- 
mental studies  now  are  under  way  at  El  Alto  to  determine  the 
fertilization  and  management  practices  needed  to  obtain  best- 
quality  forage  from  this  variety  throughout  a  maximum  portion 
of  the  year. 

Legumes  that  will  produce  good  yields  of  high-quality  forage 
are  needed  in  this  area.  Kudzu  and  velvet  beans  appear  to  show 
some  promise  at  the  present  time. 

Stored  Roughages 

Since  the  supply  and  quality  of  pasture  forage  is  poor  in  many 
areas  during  the  dry  season,  consideration  should  be  given  to  the 
production  and  preservation  of  an  adequate  roughage  supply. 
Since  rainy  and  humid  weather  during  the  growing  season  does 
not  favor  hay  production,  the  preservation  of  forage  as  silage 
seems  logical. 

In  considering  materials  for  ensilage  production,  it  should  be 
kept  in  mind  that  the  resulting  silage  will  be  at  least  slightly  in- 
ferior to  the  fresh  materials  and  that  the  ensiling  and  feeding 
costs  are  approximately  the  same  for  a  low-quality  product  as  for 
a  high-quality  silage.  Therefore,  an  excellent-quality  fresh  product, 
properly  preserved,  is  a  requisite  for  good  silage. 

Corn  with  a  high  proportion  of  ears  to  stalk,  or  good-quality 
legumes  make  the  best-quality  silages.  Since  there  appears  to  be 
a  shortage  of  legumes,  emphasis  should  be  placed  on  corn  where 
good  crops  can  be  produced. 

Silages  made  from  grasses  that  are  inferior  to  the  materials  de- 
scribed above  may  be  used  under  conditions  where  the  better 
crops  are  not  available.  In  ensiling  grasses,  as  well  as  legumes,  a 
preservative  (molasses,  sodium  metabisulfite,  or  concentrate)  should 
be  used. 
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Supplemental  Feeding  of  Concentrates 

Milking  Cows. — The  generally  thin  condition  of  milking  cows 
indicates  that  the  nutritional  level  is  below  that  required  to  support 
the  full  producing  capacity  of  the  cattle  and  suggests  that  supple- 
mental feeding  of  additional  concentrates  should  be  considered. 
The  advisability  and  nature  of  a  concentrate  feeding  program  de- 
pend upon  the  price  received  for  milk,  the  cost  of  concentrates, 
and  the  amount  and  nature  of  the  nutrients  obtained  from  pasture. 
The  existing  milk-feed  price  relationship  obtained  from  Dos  Pinos 
Cooperativa  de  Productores  de  Leche  R.  L.  indicates  that  use  of 
some  concentrate  supplements  in  the  feeding  program  would  be 
economically  efficient  and  practical. 

The  estimated  producing  capacity  of  the  cattle  and  the  amount 
and  nature  of  the  nutrients  they  obtain  daily  are  the  bases  used  in 
working  out  a  supplemental  feeding  program.  Research  studies 
are  needed  to  determine  the  amounts  of  different  kinds  of  forages 
that  cattle  will  eat  daily,  the  composition  of  the  forage,  and  the 
level  of  milk  production  that  the  daily  intakes  of  forages  will  sup- 
port. The  limiting  factors  ( energy  and/or  protein )  of  the  forages 
for  milk  production  should  be  determined.  This  information  would 
serve  as  a  valuable  guide  for  more  accurate  feeding  recommen- 
dations. 

Since  deficiency  in  energy  intake  appears  to  be  the  most  gen- 
eral limiting  nutritional  factor  for  milk  production,  consideration 
should  be  given  to  supplementing  forages  with  additional  energy. 
Molasses  is  one  satisfactory  source  and  has  been  relatively  inex- 
pensive in  the  past.  One  pound  of  molasses  contains  enough  energy 
for  the  production  of  about  2  pounds  of  3  per  cent  milk,  1.8  pounds 
of  4  per  cent  milk,  or  1.5  pounds  of  5  per  cent  milk  (not  includ- 
ing maintenance  requirement  of  the  cow).  In  considering  a 
program  for  supplemental  feeding  of  molasses,  one  should  estimate 
the  level  of  production  that  the  roughage  will  support  and  then 
use  as  a  guide  the  feeding  of  about  1  pound  of  molasses  per  1% 
pounds  of  5  per  cent  milk  (or  larger  amounts  for  lower  testing 
milk)  produced  above  the  base  level  supported  by  the  forage.  If 
farmers  sold  milk  for  no  more  than  20  centimos  per  pound  and 
fed  molasses  which  cost  about   11   centimos  per  pound,  it  would 
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appear  economical  to  use  molasses  as  a  supplemental  feed.  Rice 
bran,  though  apparently  low  in  feeding  value,  may  provide  an 
inexpensive   source  of  supplemental  feed. 

Molasses  should  not  be  diluted  excessively  or  used  simply  to 
get  animals  to  eat  poor  quality  roughage.  It  should  be  diluted 
sufficiently  to  pour  easily  (about  1  part  molasses  to  2  parts  water) 
and  may  be  fed  in  the  manger. 

The  advisability  of  feeding  protein  supplement  would  be  de- 
termined by  the  relationship  of  the  animal's  requirement  and  the 
amount  of  digestible  protein  obtained  daily  from  the  forage.  When 
legumes  are  the  source  of  forage  protein,  the  requirements  of  even 
the  high-producing  cattle  should  be  supplied  by  the  forage.  How- 
ever, when  grasses  that  are  not  high  in  crude  protein  content  are 
the  source  of  roughage,  one  should  consider  supplemental  protein 
feeding,  particularly  at  high  levels  of  milk  production. 

Since  information  is  not  now  available  on  the  intake  of  various 
grasses  and  their  digestible  protein  content,  and  since  these  factors 
will  vary  widely,  depending  upon  the  fertilization  and  management 
program  of  the  pasture,  the  following  general  recommendation  for 
supplemental  protein  feeding  can  only  be  approximate.  Research 
trials  should  be  undertaken  to  provide  the  needed  information. 

There  is  enough  digestible  protein  in  one  pound  of  44  per  cent 
cottonseed  meal  to  supply  the  protein  required  to  produce  about 
9  pounds  of  3  per  cent  milk,  8  pounds  of  4  per  cent  milk,  or  7 
pounds  of  5  per  cent  milk  (not  considering  the  protein  require- 
ment for  maintenance  of  the  cow).  If  we  assume  that  the  digest- 
ible protein  intake  from  average  imperial  or  Napier  forage  begins 
to  suppress  production  after  it  exceeds  5  pounds,  then  1  pound  of 
cottonseed  meal  should  be  fed  for  each  9  pounds  produced  above 
the  5-pound  base  level  for  an  animal  producing  3  per  cent  milk. 
The  energy  value  of  1  pound  of  cottonseed  meal  equals  that  of 
about  IV2  pounds  of  molasses.  Where  both  cottonseed  meal  and 
molasses  are  used  in  a  supplemental  feeding  program,  the  energy 
value  of  the  cottonseed  meal  also  should  be  taken  into  account  in 
the  recommendation. 

On  pastures  where  one-third  of  the  forage  is  clover  and  two- 
thirds  grass,  it  is  estimated  that  the  intake  of  digestible  protein 
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would  not  begin  to  suppress  production  until  a  daily  level  of  about 
28  pounds  of  4  per  cent  milk  is  reached. 

Dry  Cows.  —Cows  in  good  condition  at  calving  time  will  pro- 
duce more  milk  during  ensuing  lactation  than  comparable  animals 
in  thin  condition.  Likewise,  animals  in  good  condition  usually 
suffer  less  from  illnesses  than  those  in  poor  condition.  Therefore, 
it  would  seem  logical  to  offer  supplemental  feed,  particularly  less 
expensive  molasses,  during  the  dry  period. 

Heifers. — Heifers  of  good  size  for  their  breed  and  in  good  con- 
dition at  time  of  first  calving  will  produce  more  milk  and  develop 
into  larger  cows  than  when  they  are  small  and  emaciated  at  first 
parturition.  Again,  it  is  suggested  that  supplemental  feed  be 
offered  when  necessary  to  support  normal  growth  and  maintain 
young  stock  in  good  condition. 

Calves. — The  object  in  raising  calves  is  to  develop  the  young 
animal  into  a  healthy,  vigorous  adult  within  a  reasonably  short 
time.  To  do  so,  it  is  important  to  avoid  diarrhea  and  the  other 
illnesses  common  to  calves  which  not  only  cause  loss  in  body 
weight,  feed,  time,  and  money,  but  sometimes  impair  the  worth 
of  the  animal  in  adulthood. 

Many  systems  for  raising  satisfactory  calves  are  now  in  use. 
Some  are  less  expensive  than  others.  However,  if  an  expensive 
but  satisfactory  calf-raising  program  is  being  used  by  a  dairyman, 
one  should  be  sure  that  the  person  raising  the  calves  can  obtain 
satisfactory  results  with  a  less  expensive  feeding  program  before 
recommending  it.  When  a  calf  is  removed  from  its  mother  and 
reared  under  human  care,  the  skill,  effort,  and  interest  of  the 
person  feeding  and  caring  for  it  is  the  most  important  factor.  A 
program  that  has  been  used  satisfactorily  by  skilled  feeders  is 
outlined  briefly  as  follows. 

The  calf  is  allowed  one  fill  of  colostrum  before  being  separated 
from  the  mother.  The  navel  cord  is  then  clipped,  the  area  disin- 
fected; and  the  calf  is  identified  and  placed  in  a  clean,  dry, 
protected  pen.  Milks  are  fed  twice  daily  at  the  rates  of  4V2  per 
cent  of  body  weight  per  feeding.  Colostrum  from  the  mother  is 
fed  for  3  days;  whole  milk  from  4  through  21  days;  fluid  skim 
milk  from  22  through  60  days,  at  which  time  the  animal  is  weaned. 
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Unless  the  calf  is  eating  significant  amounts  of  green  forage  at  22 
days  of  age,  a  teaspoon  of  liver  oil  (Vitamin  A  Concentrate)  is 
fed  3  times  weekly. 

A  dry  calf  starter  is  fed  free  choice  beginning  at  1  week  of  age, 
and  good-quality  forage  is  offered  beginning  at  about  2  weeks  of 
age.  At  about  3  months  of  age  the  calf  starter  is  replaced  with  a 
growing-type  of  concentrate  mixture  fed  in  amounts  necessary  to 
produce  satisfactory  growth. 

It  is  suggested  that  all  calves  be  dehorned  at  about  10  days  of 
age,  using  caustic  soda  sticks  or  an  electric  dehorner. 

Miscellaneous  Feeding  Recommendations 

1.  Common  salt  should  be  available  to  cattle  at  all  times  in 
pastures,  lots,  etc.  It  should  be  kept  in  mangers  sheltered  from 
rain.  In  addition  to  essential  nutritive  elements,  salt  is  a  condiment 
which  stimulates  the  appetite  of  cattle. 

2.  Steamed  bone  meal  should  be  available  to  all  cattle  for  free- 
choice  consumption  in  pastures  and  lots.  It  should  be  kept  in 
mangers  sheltered  from  rain,  for  if  it  becomes  wet  and  mouldy  its 
palatability  is  lowered. 

Broken  hook  bones  observed  in  milk  cows  in  some  herds  indicate 
weak  bones  apparently  due  to  insufficient  phosphorus  and/or 
calcium.  Feeding  steamed  bone  meal  should  prevent  this  condition 
and  preclude  any  reduction  in  production. 

3.  Pastures  should  be  subdivided  and  rotational  grazing  prac- 
ticed so  that  forage  is  consumed  at  the  proper  stage  for  optimum 
palatability  and  nutritive  value. 

4.  Cattle  should  have  free  access  to  a  supply  of  good  water. 
Animals  with  free  access  to  water  will  produce  about  9  per  cent 
more  milk  than  if  watered  once  daily,  and  about  4  per  cent  more 
than  if  watered  twice  daily. 

El  Alto  Experiment  Station 

It  is  gratifying  to  see  the  progress  that  has  been  made  by  the 
MAI  toward  advancement  of  the  dairy  industry  in  Costa  Rica.  The 
El  Alto  Animal  Husbandry  Experimental  Station  is  rendering 
valuable  services  to  the  industry  in  many  ways.  An  important  breed 
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improvement  program  is  being  fostered  through  the  artificial 
breeding  service  and  by  the  livestock  registration  program.  The 
herd  testing  program  is  providing  records  and  assistance  requisite 
for  good  breeding  programs,  herd  culling,  improvements  in  mana- 
gerial practices,  and  development  of  better  and  more  profitable 
feeding  methods.  These  practices  are  fundamental  to  a  sound  dairy 
husbandry  program. 

There  now  is  urgent  need  for  further  development  of  a  research 
program  in  dairy  cattle  nutrition.  Areas  where  research  appears 
most  needed  include  investigations  of  the  productive  values  of 
pasture  forages  and  studies  on  the  supplemental  concentrate  feed- 
ing programs  for  different  pasture  forages  in  order  to  give  greatest 
net  returns  on  the  dairy  operation.  The  research  program  in  both 
areas  should  be  under  the  leadership  of  the  animal  husbandry 
staff,  with  personnel  of  other  departments  cooperating  on  projects 
where  the  scope  extends  into  these  fields. 
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Dairy  Manufacturing 

airy  farming  has  long  been  a  means  of  livelihood 
for  many  rural  people  of  Costa  Rica.  Excellent 
dairy-type  cows,  imported  over  a  period  of  many  years,  place  the 
present  dairy  farmers  of  Costa  Rica  in  a  fine  position  to  supply 
the  people's  needs  for  milk  and  dairy  products.  In  this  connection, 
the  Hodgson-Dahlberg  report  makes  the  following  suggestions: 
"The  greatest  opportunity  for  this  country  to  increase  rapidly  its 
output  of  dairy  products  is  to  be  found  in  ( 1 )  more  efficient 
exploitation  of  the  natural  pasture  land,  and  (2)  proper  supple- 
menting of  pasture  with  home-grown  roughage  and  concentrate 
feeds  particularly  during  the  annual  dry  periods"  (p.  9).  "The 
mountain  sides  in  the  highlands  are  adapted  to  growing  of  oats 
and  barley,  and  good  yields  of  these  grains  are  obtainable — large 
tonnages  of  oats  and  barley,  both  excellent  dairy  feeds,  could  and 
should  be  grown  in  these  areas.  These  feed  sources  are  essential 
to  an  expanding  dairy  industry  and  increased  milk  supply"  (p.  15  ). 
The  Marshall  Report  contains  the  following  statements:  "The 
milk  cows  seen  in  Costa  Rica  generally  were  in  thin  condition, 
indicating  that  the  level  of  nutrition  was  inadequate  to  support  the 
full  inherited  productive  capacity  of  the  cattle"  (p.  4).  "Deficiency 
of  energy  intake  appears  to  be  the  most  general  limiting  nutritional 
factor  for  milk  production.  Molasses  is  one  satisfactory  source  and 
has  been  relatively  inexpensive  in  the  past"  (p.  8).  "The  advis- 
ability of  feeding  protein  supplement  to  cattle  would  be  determined 
by  the  relationship  of  the  animal's  requirement  and  the  amount  of 
digestible  protein  obtained  daily  from  the  forage"  (p.  9). 

It  would  be  well  indeed  for  dairymen  to  follow  all  these  basic 
requirements.  By  so  doing,  dairying  in  Costa  Rica  should  progress 
rapidly  in  order  to  meet  the  nutritional  needs  of  the  people,  for 
as  the  Hodgson-Dahlberg  report  states:  "The  primary  purpose  of 
the  dairy  industry  is  to  supply  man  with  wholesome,  nutritious 
food"  (p.  23). 
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Subnormal  Butterfat  in  Milk 

At  certain  times  of  the  year  there  is  a  widespread  condition  in 
Costa  Rica  that  has  recently  been  identified  as  "subnormal  butter- 
fat  content  of  milk."  This  condition  also  exists  in  Florida  and  has 
been  under  study  at  the  Florida  Agricultural  Experiment  Station 
for  six  years.  The  results  should  be  of  value  to  Costa  Rica. 

In  the  Florida  experiments  the  butterfat  content  of  the  milk  of 
some  cows  was  lowered  from  about  6  per  cent  to  about  4.5  per 
cent.  With  one  cow  this  drop  took  place  in  less  than  15  days.  For 
other  cows  the  drop  took  a  longer  time.  The  cows  were  fed  a 
balanced  ration  from  the  standpoint  of  energy  and  protein  feeds. 
The  only  change  in  feed  was  the  elimination  of  roughage,  such  as 
hay,  silage,  or  succulent  pasture  grasses.  When  such  roughage  was 
again  provided  with  the  concentrate  feed,  the  butterfat  content  of 
the  milk  returned  to  normal,  usually  in  about  15  days. 

In  Costa  Rica  this  condition  exists  in  different  areas,  on  different 
farms,  and  to  some  degree  at  slightly  different  times,  depending 
upon  the  feed  the  cow  actually  eats.  Perhaps  some  grass  hay  can 
be  made  just  as  the  dry  season  starts,  so  that  the  rain  will  not 
cause  it  to  spoil  and  the  grass  will  not  be  very  old.  Fertilizing  this 
grass  before  it  is  allowed  to  grow  for  hay  will  make  it  more  nutri- 
tious. The  dry  hay  should  be  fed  with  concentrate  feeds  during 
the  dry  season  and  also  for  the  first  month  or  more  of  the  rainy 
season.  Perhaps  about  four  pounds  per  cow  per  day  will  be 
sufficient.  Some  experimentation  in  Costa  Rica  'will  be  needed  to 
determine  the  amount  needed.  During  the  rainy  season  some  pas- 
ture grasses  and  cut  feed,  such  as  elephantgiass  and  sorghum, 
contain  so  much  moisture  that  the  cows  become  filled  without 
getting  sufficient  nutrients.  This  may  be  one  reason  for  the  thin 
cows  reported  by  Marshall.  It  may  become  a  practice  to  cut  some 
tender  pasture  grass  early  in  the  morning,  allow  it  to  sun-dry  for 
three  or  four  hours,  and  then  bring  it  in  before  the  rains  start. 
The  loss  of  moisture  may  be  enough  to  allow  the  cows  to  get  the 
extra  nutrients  needed  to  produce  more  milk  and  to  stay  in  better 
condition.  Experimentation  on  this  type  of  practice  in  Costa  Rica 
also  is  needed. 
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The  primary  reason  for  these  suggested  feeding  practices  is  to 
maintain  proper  milk  composition.  If  this  is  not  done,  the  manu- 
facture of  many  dairy  products  will  be  more  costly  because  the 
yield  of  butter,  cheese,  ice  cream,  and  dry  milk  will  be  reduced. 
Reports  of  low  yields  of  cheese  and  of  low  butterfat  tests  of  milk 
appear  to  be  common.  Efforts  should  be  made  to  correct  these 
abnormally  low  conditions  in  the  composition  of  milk.  The  cow 
is  a  "living  factory"  and  must  have  the  correct  kinds  as  well  as 
amounts  of  feed  in  order  to  manufacture  the  same  kind  of  milk 
all  the  time.  This  can  be  compared  to  the  kind  and  amount  of 
gasoline  put  into  the  fuel  tank  of  the  automobile.  If  it  is  low-grade 
the  automobile  cannot  climb  the  mountain  road  in  high  gear — 
sometimes  not  even  in  second  gear.  The  automobile  also  uses  more 
of  the  low-grade  fuel  to  climb  the  same  number  of  hills.  The  "out- 
put" is  simply  not  as  good  as  it  is  when  high-test  gasoline  is  used. 
It  is  the  same  with  cows — good  feed  in  the  proper  amount  always 
makes  good,  rich  milk  of  balanced  composition  if  the  cows  are  of 
good  dairy  type. 

The  Fluid  Milk  Industry 

When  Hodgson  and  Dahlberg  made  a  study  of  the  dairy 
industry  of  Costa  Rica  in  1943,  there  was  no  milk  being  pasteurized 
except  in  a  small  plant  in  Limon.  In  their  report  they  stated: 
"Market-milk  industries  can  develop  to  best  advantage  around 
centers  of  population.  San  Jose  should  lead  the  way"  (p.  24). 
Although  this  has  been  done  to  a  limited  extent,  reports  indicate 
that  only  about  one-third  of  the  fluid  milk  delivered  to  homes  is 
pasteurized.  This  should  be  increased  so  that  a  safe,  pasteurized 
supply  of  milk  is  available  to  all  people,  especially  children.  To 
do  this  will  require  a  strong  and  unified  educational  program.  It 
would  be  well  to  start  this  in  the  schools,  with  all  types  of  human 
nutrition  education  included  in  the  teaching  program. 

Pasteurized  Milk. — A  survey  of  the  present  facilities  available 
for  pasteurizing  milk  indicates  that  all  plants  are  operating  at 
maximum  capacity  for  the  equipment  on  hand.  If  the  remaining 
two-thirds  of  the  present  milk  usage  is  to  be  converted  to  pasteur- 
ized milk,  a  considerably  expanded  program  is  urgently  needed. 
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Such  an  attainment  may  not  be  possible  for  several  years;  how- 
ever, with  a  constantly  growing  population  and  with  a  progressively 
increasing  standard  of  living,  it  becomes  apparent  that  expansion 
of  the  fluid  milk  industry  is  vital. 

Another  important  aspect  of  the  dairy  industry  in  Costa  Rica 
is  the  stabilization  of  the  price  of  milk  to  farmers  throughout  the 
year.  During  the  wet  season  there  is  such  a  large  increase  in  milk 
production  that  the  Costa  Rican  dry  milk  plant  is  in  operation 
nearly  50  per  cent  of  the  time.  At  the  present  time  milk  received 
at  this  plant  is  at  an  all-time  high.  The  plant  assists  in  stabilizing 
price,  but  some  outlet  must  be  found  for  the  dry  milk,  or  the 
stockpile  of  this  product  will  become  excessive.  If  at  all  possible 
a  large  portion  of  the  milk  now  being  dried  should  be  utilized  as 
pasteurized  fluid  milk.  This  will  give  the  greatest  return  to  the 
dairy  farmers  and  will  also  give  consumers  a  good  product  that 
can  be  consumed  without  boiling  or  further  preparation  in  the 
home.  This  means  more  expansion  of  an  already  established 
industry — pasteurized  milk — that  has  grown  in  sales  from  a  very 
small  output  to  one  of  considerable  size  in  only  five  to  eight  years. 
An  even  greater  era  of  progress  awaits  those  ready  and  capable 
of  accepting  the  challenge. 

Fresh  Milk  Products. — A  significant  part  of  the  fluid  milk  busi- 
ness in  the  United  States  is  represented  by  several  by-products — 
or  perhaps  a  better  term  is  "a  variety  of  fresh  dairy  products." 
Chocolate  milk  is  not  being  produced  in  Costa  Rica  at  the  present 
time.  This  outlet  for  surplus  skim  milk  (not  dried)  should  be 
opened  immediately  and  strong  sales  efforts  should  be  put  forth 
to  acquaint  people  with  this  excellent  food.  Culture  buttermilk, 
because  of  its  natural  milk  acid,  is  also  a  refreshening  food  drink 
and  has  many  uses  in  the  home  in  the  preparations  of  inexpensive 
foods  for  the  family.  Like  chocolate  milk,  buttermilk  contains  all 
the  protein  and  minerals  of  milk  so  necessary  in  human  nutrition. 
Sour  cream  is  another  dairy  food  that  is  relished  by  some  people. 
Production  and  sales  appear  to  be  limited  because  of  low  keeping 
quality  and  lack  of  uniformity.  Cottage  cheese  production  requires 
special  skills  and  knowledge  for  production  of  a  uniform  high- 
quality  product.  This  product  also  is  derived  from  skim  milk  and 
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is  an  excellent  high-protein  food.  It  may  be  sold  just  as  manu- 
factured, or  cream  may  be  added  to  enhance  the  flavor.  The 
manufacture  of  cottage  cheese  should  not  be  attempted  until  the 
proper  equipment  is  obtained  and  personnel  properly  trained.  This 
type  of  cheese  may  find  some  competition  in  the  market,  but  a 
good  reputation  for  this  excellent  food  can  be  established  by  sell- 
ing only  a  first-quality  product.  Like  the  introduction  of  pasteurized 
milk,  the  sales  may  be  small  at  the  beginning,  but  the  soundness 
of  the  cottage  cheese  business  as  a  part  of  fluid  milk  plant  opera- 
tion in  the  United  States  suggests  that  this  food  will  gain  acceptance 
in  Costa  Rica. 

Sanitation  and  Inspection. — A  discussion  of  the  fluid  milk 
industry  is  not  complete  without  placing  the  sanitation  aspect  in 
a  position  equal  to  or  higher  than  the  nutritional  aspect;  for  no 
matter  how  nutritious  a  food  may  be,  if  it  is  produced  in  an  insani- 
tary way  and  is  not  free  of  disease-producing  organisms,  it  be- 
comes a  vicious  spreader  of  human  suffering.  Milk-borne  epidemics 
can  be  avoided  only  by  pasteurizing  milk  and  then  protecting  it 
from  contamination.  Some  claims  are  being  made  that  the  boil- 
ing of  milk  at  home  is  a  safe  practice  and  that  pasteurization  gives 
no  more  assurance  of  safety  than  boiling.  This  concept  is  very 
misleading,  and  it  is  well  to  point  out  some  of  the  hazards 
associated  with  the  purchase  of  raw  milk  that  is  to  be  boiled.  One 
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needs  only  to  recall  the  days  of  early  youth  or  to  visit  a  family  of 
several  small  children  to  establish  the  following  condition.  The 
mother  is  ill  or  not  in  charge  of  the  home  because  little  sister 
arrived.  Father  must  get  to  work,  and  just  then  the  milkman  ar- 
rives. The  daughter  of  8  or  10  years  is  left  in  charge.  Ramono, 
age  4,  is  hungry,  and  while  sister  attends  mother  he  helps  himself 
to  the  milk  before  it  has  been  boiled.  Contrast  this  to  a  bottle  of 
pasteurized  milk  properly  sealed  at  the  plant— free  of  those  disease- 
producing  bacteria  that  may  be  in  the  raw  products  dipped  from 
a  can.  The  intention  was  good — the  milk  would  be  boiled — but — ; 
and  remember  that  the  typhoid  germs  could  have  come  from  the 
lad  delivering  the  milk,  or  from  other  handlers  after  the  milk  left 
the  dairy  farm.  Typhoid  is  only  an  example;  flies  carry  filth  and 
many  kinds  of  germs;  and  they  seem  to  like  the  lips  of  cans  and 
dippers  over  which  milk  has  been  poured. 

What  about  pasteurized  milk?  It  is  safe  only  if  the  milk  is  prop- 
erly heat-treated.  This  requires  good  equipment  but  it  also  requires 
careful  and  conscientious  operators.  Careless  handling  of  pipes 
and  valves  when  assembling  can  implant  organisms.  The  operators 
must  be  trained  properly,  they  must  be  clean  in  personal  habits, 
they  must  submit  to  regular  health  checks,  and  they  must  realize 
their  responsibility.  To  attain  this  type  of  control  certain  laws  are 
needed,  and  they  must  be  enforced.  Pasteurized  milk  must  never 
be  the  responsible  agent  of  a  widespread  epidemic,  and  it  need 
never  be  if  all  workers  are  properly  trained  in  a  full  realization 
of  their  trust.  This  is  the  responsibility  of  the  employer.  It  is  not 
a  light  one,  «and  as  in  all  cases  of  responsibility  someone  must  be 
able  to  accept  it  and  to  discharge  it  competently.  If  reports  are 
correct,  Costa  Rica  has  enjoyed  an  excellent  reputation  in  the  short 
history  of  pasteurized  milk.  Nothing  could  be  better  than  a  con- 
tinuation of  this  record.  Vigilance  is  the  price — and  it  actually 
costs  so  very  little  per  unit  of  product.  But  the  right  controls  must 
be  assured.  There  is  no  mid-point;  consumers  expect  and  deserve 
full  protection.  Sanitation  must  start  at  the  point  of  milk  produc- 
tion— the  dairy  cow.  It  must  be  followed  through  every  handling 
procedure  and  surface  contact  to  the  consumer,  including  the 
bottles  and  bottle  caps. 


DAIRY    MANUFACTURING  175 

Milk  Deliveries. — After  milk  has  been  pasteurized  and  bottled 
it  must  be  protected  against  contamination.  The  entire  pouring  lip 
of  the  bottle  should  be  sealed  so  that  no  contamination  of  the 
pouring  surface  can  take  place  during  delivery  or  in  the  home. 
Delivery  of  pasteurized  bottled  milk  in  open  trucks,  carts,  and 
other  vehicles  should  be  prohibited.  Not  only  does  the  milk  be- 
come warm,  but  its  keeping  quality  is  reduced  and  flavor  changes 
are  caused  by  the  action  of  sunlight;  and  under  certain  conditions, 
the  situation  will  be  critical  when  homogenized  milk  is  delivered. 

If  pasteurized  milk  becomes  warm  on  the  delivery  truck,  it  can- 
not possibly  be  chilled  in  the  home  refrigerator  that  seldom  has 
a  temperature  lower  than  50°  F.  Delivery  trucks  should  be  equipped 
with  doors,  which  should  be  kept  closed  to  prevent  passage  of  air 
around  the  bottles.  Icing  of  the  milk  on  the  truck  is  a  standard  prac- 
tice of  milk  plants  in  the  United  States  unless  refrigerated  trucks 
are  used. 

Milk  Flavor. — Flavor  changes  caused  by  sunlight  are  very  ob- 
jectionable. Those  caused  by  some  metal  surfaces  are  also  bad, 
and  stainless  steel  should  be  used  for  milk  pipes  and  all  other 
surfaces  that  milk  contacts.  Some  feed  flavors  like  that  of  silage 
also  cause  people  to  dislike  drinking  milk.  After  children  learn  to 
drink  pasteurized  milk  they  usually  do  not  like  the  flavor  of  boiled 
milk.  Nearly  every  child  likes  to  drink  milk  and  lots  of  it.  If  he 
doesn't  he  is  apt  to  be  ill,  or  the  milk  has  a  bad  flavor.  It  is  very 
important  to  have  pasteurized  milk  free  of  all  bad  flavors. 

The  Ice  Cream  Industry 

Ice  cream  has  become  a  popular  food  with  many  Costa  Ricans. 
In  only  a  few  years  a  very  good  beginning  has  been  made  in  the 
commercial  production  of  ice  cream  and  some  ice  cream  novelties. 
A  great  expansion  of  this  industry  is  possible  by  introduction  of 
new  flavors,  and  advertising  is  highly  important  to  continued 
growth.  Good  use  should  be  made  of  dry-ice,  and  vending  boxes 
should  be  operated  at  points  where  sales  potentials  are  good.  Ice 
cream  is  a  dairy  food  and  supplies  the  same  nutrients  as  whole 
milk.  Because  it  is  sweetened  and  can  be  offered  in  a  number  of 
flavors  it  has  great  appeal.  New  uses  of  color  in  ice  cream  can  add 
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greatly  to  eye-appeal,  and  good  use  should  be  made  of  this  point- 
of-sale   advantage  in  merchandising  ice  cream. 

The  Butter  Industry 

In  Costa  Rica  the  commercial  butter  industry  is  a  part  of  the 
milk  plant  operation.  For  this  reason  the  quality  of  butter  made 
from  pasteurized  fresh  cream  is  very  good.  Some  consideration 
may  well  be  given  to  units  of  butter  smaller  than  one-pound  quan- 
tities, since  no  doubt  some  families  would  prefer  to  purchase 
wrapped  one-fourth-pound  quantities. 

The  Cheese  Industry 

The  Hodgson-Dahlberg  Report  contains  some  important  state- 
ments regarding  the  development  of  the  cheese  industry  in  Costa 
Rica.  A  few  of  these  statements  are  quoted  here  in  order  to  em- 
phasize the  first  steps  that  must  yet  be  taken  in  this  connection: 
"The  cheese  industry  should  occupy  a  very  important  place  in  the 
agriculture  of  Costa  Rica"  (p.  34).  "The  cheese  industry  will  ad- 
vance more  rapidly  if  more  acceptable  varieties  are  made,  and  if 
they  are  made  according  to  established  procedure  and  in  large 
units.  Essentially  the  industry  will  best  be  served  by  small  factories 
near  sources  of  milk  production  but  it  may  be  advantageous  to 
have  a  large  curing  warehouse  near  the  consuming  market"  (p.  37). 

A  survey  of  two  potential  cheese-manufacturing  areas  was  made 
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and  the  market  was  visited  to  become  familiar  with  conditions  and 
types  of  cheeses  being  produced.  Although  some  cheese  is  being 
made,  the  cheese  industry  is  very  definitely  in  its  infancy.  There 
is,  however,  encouraging  interest  in  the  manufacture  of  cheese  by 
improved  methods.  Assistance  should  be  available  to  introduce 
acceptable  methods  and  to  teach  operators  the  safeguards  so  neces- 
sary in  maintaining  uniform  quality.  If  a  cheddar-type  cheese  is 
produced,  some  consideration  should  be  given  to  a  processed 
cheese  that  would  make  use  of  the  supply  of  the  types  now  pro- 
duced from  raw  milk  so  that  a  standardized  blend  of  the  two  could 
be  offered  as  a  typical  Costa  Rican  processed  cheese. 

Summary 

From  the  standpoint  of  milk  composition  and,  in  turn,  yields  of 
dairy  products  from  milk,  it  is  highly  important  that  dairy  cows  in 
Costa  Rica  be  fed  according  to  methods  that  research  has  found 
to  be  the  best.  This  will  require  some  changes  in  crops,  pastures, 
and  concentrate  feeds.  Commercial  dairy  farm  operation  in  Costa 
Rica  has  already  proved  this  advantage  by  a  substantial  increase 
in  milk  production. 

The  pasteurized  milk  industry  and  those  related  to  it  have  been 
well  established.  Costa  Ricans  have  confidence  in  the  safety  of 
pasteurized  milk;  loss  of  this  confidence  through  a  milk-borne  epi- 
demic would  result  in  a  drastic  setback  to  the  industry — a  setback 
which  can  be  prevented  by  strict  laws,  good  inspection,  and 
authoritative  supervision.  Associated  fresh  dairy  products  should 
be  introduced,  and  some  should  be  improved  in  quality.  Next  to 
safety,  keeping  quality  and  flavor  are  the  all-important  factors. 
Where  possible,  the  use  of  color  should  constitute  an  important 
item  in  merchandising  dairy  products. 

The  cheese  industry  is  still  in  its  infancy;  growth  will  depend 
entirely  upon  selection  of  locations,  procurement  of  necessary 
equipment,  employment  of  well-trained  cheese  makers,  choice  of 
varieties  to  be  made,  and  general  efforts  in  educating  consumers. 
It  appears  that  conditions  are  favorable  for  the  establishment  of 
small  cheese  plants  in  some  areas  somewhat  removed  from  the 
high-priced  land  areas  around  San  Jose. 
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Dairy  Manufacturing  Outlook 

Any  statement  relative  to  the  future  must  have  a  basis  in  past 
performance.  For  Costa  Rica  there  is  only  a  very  short  past  insofar 
as  commercial  dairy  manufacturing  is  concerned.  However,  in  this 
short  period  much  progress  has  been  made.  This  in  itself,  however, 
is  not  a  sufficient  basis  for  predicting  future  performance.  Some 
reliance  must  be  placed,  therefore,  on  the  changes  that  have  been 
experienced  in  other  countries  under  somewhat  comparable 
conditions. 

Good  leadership  in  the  dairy  industry  of  Costa  Rica  has  brought 
about  considerable  advancement,  and  the  challenge  appears  to  be 
even  greater  now  than  when  the  present  commercial  establish- 
ments were  created. 

The  following  points  merit  consideration. 


1.  Stockpiling  of  nonfat  dry  milk  cannot  continue  indefinitely. 

2.  By  inaugurating  a  good  educational  program  on  human  nutrition 
and  by  aggressive  selling,  a  considerable  portion  of  the  milk  now  being 
dried  can  be  sold  as  pasteurized  whole  milk. 

3.  Introduction  and  sale  of  chocolate  milk  will  further  reduce  the 
amount  of  milk  being  dried. 

4.  The  ice  cream  industry  can  be  expanded,  and  sales  efforts  should 
be  directed  to  the  methods  used  in  countries  where  ice  cream  sales 
are    good. 

5.  Small  cheese  plants  should  be  started  in  areas  where  the  expense 
of  transportation  can  largely  be  eliminated.  The  natural  price  advantage 
is  favorable  to  cheese  operations. 

6.  The  price  structure  used  in  paying  dairy  farmers  for  milk  should 
be  studied,  and  necessary  action  should  be  taken  in  accordance  with 
the  findings. 

7.  Milk  inspection  and  sanitation  laws  should  be  restudied,  and 
careful  consideration  should  be  given  to  plans  found  workable  in  other 
countries. 

8.  Industry-wide  interest  is  essential  to  a  healthy  growth.  Such 
interest  can  be  stimulated  and  maintained  by  an  organization  dedi- 
cated to  the  interest  of  the  industry. 

9.  Advertisement  and  promotion  of  milk  and  dairy  products  for  con- 
sumption on  a  country-wide  scale  is  known  to  be  successful.  A  budget 
and  the  necessary  organization  should  be  established  to  put  into  action 
a  similar  activity  in  Costa  Rica. 
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10.  In  general,  a  pattern  which  would  also  be  suitable  for  advancing 
the  dairy  industry  of  Costa  Rica  has  been  worked  out  in  other  countries. 
By  taking  advantage  of  the  good  points,  there  should  be  continued 
growth  in  the  various  branches  of  dairy  manufacturing  that  have  al- 
ready been  started  in  Costa  Rica  and  good  prospects  for  those  being 
contemplated. 

11.  All  phases  of  dairy  manufacturing  require  the  use  of  costly 
equipment  and  special  methods.  It  is  fundamental,  therefore,  that  there 
be  properly  trained  technicians  and  workers  as  the  dairy  industry  grows. 

12.  Whatever  the  enterprise,  standing  still  means  slipping  back,  but 
growth  based  on  vision  will  guide  the  dairy  industry  in  its  advancement. 


HOWARD    H.   WILKOWSKE 

The  Cheese  Industry 


M 


ilk  production  in  Costa  Rica  represents  approxi- 
mately 10  per  cent  of  the  total  farm  income, 
and  about  22  per  cent  of  this  milk  is  used  for  manufacturing  vari- 
ous dairy  products.  Over  5  million  pounds  of  "white"  cheese, 
approximately  75  per  cent  of  the  total  consumption,  is  made  in 
small  quantities  on  numerous  farms.  Cheddar-type  and  processed 
cheese  manufactured  in  Costa  Rica  contributes  only  about  5  per 
cent  to  the  total  consumption,  and  the  remaining  20  per  cent  is 
imported.  The  only  industrial-sized  cheese  factory  in  operation  in 
1958  was  located  in  Monte  Verde;  but  at  least  two  additional  fac- 
tories, one  in  San  Jose  and  one  in  Santa  Cruz,  were  in  the 
developmental  stages.  The  change  from  farm  cheese-making  to 
larger,  more  efficient,  industrialized  factory  operations  appears 
inevitable  and  should  result  in  the  production  of  cheese  of  better 
quality  and  greater  variety.  Unusual  opportunities  exist  for  increas- 
ing milk  production  and  for  expanding  markets  for  farm-produced 
fresh  milk  for  manufacturing  purposes.  Present  levels  of  economic 
conditions  indicate  that  cheese  of  good  quality  can  be  manufactured 
for  local  consumption  and  for  export  at  competitive  prices. 

Cheese  Supply  and  Distribution 

While  complete  information  is  not  available,  there  are  sufficient 
data  in  the  1950  census1  to  give  a  reasonably  accurate  picture  of 
the  present  cheese  situation  in  Costa  Rica.  Table  1  shows  cheese 
production  and  consumption.  There  was  virtually  no  carry-over  of 
stocks  at  the  close  of  1957. 

TABLE  1. — Cheese  Production  and  Consumption  in  Costa  Rica 
Item  ~  1956  1957 

Production                                         4,947,500  pounds                                          * 
Imports                                                  175,000                                           1,155,000  poundsf 
Consumption                                     5,104,000                                                         * 
Exports 18,500 * 

*Not  available  at  the  time. 

f Includes  approximately  one  million  pounds  of  cheese  from  CARE. 
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Excluding  CARE  cheese,  less  than  4  per  cent  of  the  total  cheese 
consumed  is  imported,  and  the  cheese-manufacturing  industry  in 
Costa  Rica  will,  for  the  most  part,  compete  primarily  with  the  local 
"white"  cheese. 

In  1956,  2.4  per  cent  of  the  total  cheese  manufactured  in  Costa 
Rica  was  further  made  into  processed  cheese  commonly  referred 
to  as  "pasteurized"  cheese.  This  term,  however,  is  not  precisely 
correct  since  cheddar-types  not  further  processed  also  are  made 
from  pasteurized  milk  in  some  other  countries. 

Types  of  Cheese 

There  are  no  accurate  figures  available  concerning  the  types  of 
cheese  made  in  Costa  Rica.  It  is  estimated  that  only  about  5  per 
cent  of  the  production  is  cheddar-type.  The  largest  part  of  the 
cheese  manufactured  is  the  typical  "white"  cheese.  The  estimated 
consumption  of  cheese,  in  proportion  by  types,  is  shown  in  Table  2. 
Annual  per  capita  consumption  in  1958,  based  upon  a  population 
of  one  million  and  including  about  one  million  pounds  of  imported 
CARE  cheese,  was  approximately  6.5  pounds.  This  is  a  fairly  good 
level  of  cheese  consumption,  although  it  can  be  increased. 

TABLE  2. — Types  of  Cheese  Consumed  in  Costa  Rica 

Per  Cent  of 
Cheese  Type  Total  Consumption 

White  cheese — fresh  60 

White  cheese — aged  15 

Cheddar-types    (Cheddar,  Edam,  and  Gouda)  10 

Processed  15 

Total  consumption  100 

The  retail  price  of  white  cheese,  excluding  white  cream  cheese, 
averaged  $2.95  per  pound  in  1956.  The  price  was  highest  in 
March,  the  height  of  the  dry  season  when  milk  supplies  were  low- 
est, and  at  the  minimum  in  July,  the  rainy  season.  Compared  to 
the  white  cheese  at  around  $3  per  pound,  the  cheddar-types  are 
in  the  range  of  $6  per  pound  and  the  imported  Edam  as  high  as 
$12  per  pound.  Processed  imported  cheddar  (commonly  called 
"Kraft-type"  by  Costa  Ricans)  generally  retails  for  $10  to  $12 
per  pound.  It  is  obvious  that  price  determines  the  consumption 
percentages  of  the  various  cheese  types. 


Milk  delivery  to 
rural  cheese  factory 


One  factor  which  has  a  strong  influence  on  increasing  the  de- 
mand for  cheese  is  the  distribution  of  CARE  cheese  in  schools 
and  nutritional  centers.  In  1957  approximately  one  million  pounds 
of  cheese  were  used,  and  again  in  1958  another  one  million  pounds 
were  offered  to  150,000  school  children. 

Milk  Production 

Previous  reports  of  the  cattle  situation  by  D.  E.  Alleger,2  dairy 
production  by  S.  P.  Marshall,3  and  dairy  manufacturing  by  W.  A. 
Krienke4  have  adequately  covered  various  phases  of  the  dairy 
problem  in  Costa  Rica.  The  highlights  of  these  reports  which  relate 
to  cheese-manufacturing  problems  are  reviewed  here  briefly. 

Krienke  reported  in  June,  1957,  that  "the  cheese  industry  is 
still  in  its  infancy;  growth  will  depend  entirely  upon  selection  of 
locations,  procurement  of  necessary  equipment,  employment  of 
well-trained  cheese  makers,  choice  of  varieties  to  be  made,  and 
general  efforts  in  educating  consumers."  He  further  stated  that  "if 
a  cheddar-type  cheese  is  produced,  some  consideration  should  be 
given  to  a  processed  cheese  that  would  make  use  of  the  supply  of 
the  types  now  produced  from  raw  milk  so  that  a  standardized  blend 
of  the  two  could  be  offered  as  a  typical  Costa  Rican  processed 
cheese."5  Some  years  earlier  the  Hodgson-Dahlberg  report  of  1943 
stated  that  "the  cheese  industry  will  advance  more  rapidly  if  more 
acceptable  varieties  are  made,  and  if  they  are  made  according  to 
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established  procedure  and  in  large  units.  Essentially  the  industry 
will  best  be  served  by  small  factories  near  sources  of  milk  produc- 
tion but  it  may  be  advantageous  to  have  a  large  curing  warehouse 
near  the  consuming  market."6 

It  should  be  kept  in  mind  that  the  cheese  industry  is  but  a  part 
of  the  total  dairy  enterprise  and  the  total  production  of  milk. 
Supply  and  demand  for  each  of  the  various  dairy  products  are 
interrelated.  Since  manufactured  dairy  products  (cheese,  butter, 
ice  cream)  provide  less  return  to  milk  producers  than  whole  milk 
for  human  consumption,  fluid  milk  consumption  should  be  encour- 
aged and  stimulated. 

Cheese  Manufacturing 
Farm  Cheese  Production 

Alleger  reported  that  in  1954  the  total  cheese  and  butter  pro- 
duction represented  only  22  per  cent  of  the  total  milk  production, 
of  which  78  per  cent  was  consumed  in  fluid  form.'  Per  capita  con- 
sumption of  milk  at  present  is  approximately  0.6  pounds  per  day,  a 
reasonably  fair  level.  It  can  be  expected  that  only  a  slow  increase 
will  take  place  since  eating  habits  change  slowly,  and  that  by  the 
time  daily  per  capita  consumption  reaches  1  pound  it  will  level  off. 
It  appears  that  increases  in  milk  production,  which  are  very  likely 
in  the  next  few  years,  will  go  in  part  toward  satisfying  the  fluid  milk 
demand  of  a  rapidly  growing  population  and  in  part  toward  making 
an  increasingly  larger  percentage  available  as  surplus  for  manu- 
facturing purposes. 

The  present  annual  cheese  production  is  estimated  at  5  million 
pounds,  or  a  daily  average  of  about  14,000  pounds.  This  would 
indicate  that  at  least  several  hundred  farms  are  producing  cheese 
because  volume  of  production  per  farm  is  small.  Slightly  less  than 
10  per  cent  of  total  production  is  the  cheddar-type  and  processed; 
the  largest  percentage  is  the  white  cheese  commonly  produced  on 
the  farm. 

While  there  is  little  similarity  on  the  various  farms  in  the  pro- 
cedures for  making  white  cheese,  the  following  description  and 
characterization  will  provide  sufficient  information  to  form  the 
basis  for  classification.  White  cheese  is  made  from  fresh,  raw  milk, 
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and  generally  from  whole  milk,  but  either  skim  milk  or  cream  may 
be  used.  The  cheese  from  higher  fat-content  milk  is  commonly 
called  "cream  cheese"  but  is  made  by  essentially  the  same  white 
cheese  procedure  as  described  here.  The  milk  is  coagulated  by  use 
of  rennet  in  tablet  form,  appropriately  diluted  in  water  before  use. 
After  one  to  two  hours  the  coagulum  is  broken  up  by  stirring,  and 
the  whey  is  permitted  to  separate,  but  no  cooking  is  done.  After 
an  hour  or  two  the  whey  is  drained  or  poured  off.  The  curd  is 
salted  and  then  pressed  overnight.  The  resulting  cheese  is  a  hard, 
white-colored  product  of  about  30  per  cent  moisture;  when  whole 
milk  is  used  the  fat  content  is  also  around  30  per  cent.  The  salt 
content  varies  from  zero  to  as  high  as  5  per  cent.  Upon  removal 
from  the  press,  the  cheese  is  usually  delivered  to  the  market  within 
a  few  days  or  weeks.  The  cheese  is  not  refrigerated  on  the  farms, 
and  very  little  of  it  is  refrigerated  in  the  marketing  establishments. 
Cheese  to  be  held  for  prolonged  periods  usually  has  a  high  salt 
content.  Some  cheeses,  especially  that  made  in  Guanacaste  Province 
and  called  "Bagaces"  cheese,  are  smoked  for  about  three  days 
and  aged  for  a  month  or  two  before  marketing. 

The  methods  and  equipment  used  in  farm  cheese-making  are 
generally  very  poor.  The  vat,  press,  and  hoop  are  made  from  wood. 
No  warm  water  is  available  for  washing  utensils  or  for  cooking 
the  curd.  The  milk  in  general  is  produced  with  practically  no  re- 
gard for  sanitation  and  sometimes  the  once-a-day  milking  extends 
for  as  long  as  five  hours,  thus  giving  the  first  milk  plenty  of  time 
to  develop  microorganisms.  In  fact,  since  no  controlled  cultures 
(starters)  are  added  to  the  milk  to  provide  inoculation  of  desired 
microorganisms,  the  natural  contamination  is  relied  upon  to  pro- 
vide the  needed  lactic  acid-producing  strains  of  bacteria.  Actually, 
if  the  milk  were  produced  in  a  clean  manner  it  might  be  difficult, 
in  the  absence  of  such  contamination,  to  make  cheese.  While  such 
insanitary  procedures  readily  provide  the  normal  lactic  acid- 
producing  strains  (the  common  souring  microorganisms  of  milk), 
they  also  permit  the  entry  of  contaminating  organisms  which  cause 
undesirable  flavors  and  poor  keeping  quality,  and  even  of  danger- 
ous pathogenic  o'rganisms.  It  is  generally  agreed  that  brucellosis, 
mastitis,  and  tuberculosis  are  present  in  some  Costa  Rican  dairy 
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animals — all  of  which  are  potential  pathogens  of  man.  Further, 
unhealthy  milkers  and  insanitary  water  may  contribute  to  the 
undesirable  bacterial  flora  of  the  milk  and  of  the  cheese  made 
from  it. 

Despite  the  numerous  basically  incorrect  methods,  materials,  and 
procedures  used  in  the  farm  manufacture  of  white  cheese,  the  final 
product  is  frequently  quite  acceptable.  The  rather  high  total  con- 
sumption attests  to  this.  However,  if  many  of  the  consumers 
actually  saw  the  cheese  being  made,  consumption  would  no  doubt 
be  lower.  The  best-quality  white  cheese  is  mild  in  flavor  when  fresh 
but  entirely  lacking  in  what  is  known  as  true  cheese  flavor.  It  can 
best  be  described  as  a  slightly  oversalted  pressed  cottage  cheese. 
White  cheese  from  one  to  two  months  old  is  invariably  highly 
salted,  of  a  dry  texture,  and  frequently  off-flavor  because  of  gase- 
ousness  caused  by  contaminating  organisms  and  unclean  flavors 
resulting  from  insanitary  manufacturing  conditions.  The  apparent 
trend  toward  increased  consumption  of  a  freshly  made  white  cheese 
indicates  that  Costa  Ricans  may  generally  prefer  mild-flavored 
fresh  cheese,  or  a  clean-flavored  aged  cheese. 

Factory  Cheese  Production 

At  the  time  of  this  survey,  as  previously  stated,  only  one  major 
cheese-manufacturing  plant  was  in  operation  and  two  others  were 
getting  under  way.  Criteria  for  consideration  as  a  major  cheese 
factory  included  manufacture  of  cheese  in  fairly  large  quantities, 
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use  of  recognized  procedures,  purchase  of  milk  from  several  farms, 
and  operation  of  plant  as  a  nonfarm  industrial  factory,  facilities 
and  equipment  for  making  and  carrying  starters,  use  of  desirable 
bacterial  cultures,  cleanable  metal  equipment,  equipment  for  milk 
pasteurization,  steam  and  hot  water  for  pasteurization,  cooking 
curd  and  washing  equipment,  and  maintenance  of  suitable  curing 
rooms  and  cold-storage  facilities. 

Since  the  establishment  of  a  cheese  factory  at  Monte  Verde  in 
1952,  considerable  progress  has  been  made  in  its  operation.  The 
quality  of  the  cheese  made  there  is  very  good  and  its  reputation 
is  excellent  throughout  the  country.  The  Monte  Verde  plant  manu- 
factures cheddar,  Edam,  Gouda,  and  processed  cheese  which  re- 
tails in  the  markets  in  the  range  of  $5.00  to  $6.00  per  pound. 
Present  production  is  almost  2,000  pounds  per  week. 

An  Edam  cheese  factory,  located  in  Santa  Cruz  in  Guanacaste 
Province,  has  recently  changed  hands.  The  new  owner  is  currently 
remodeling  the  premises  and  installing  cheese-making  equipment. 
He  has  had  previous  experience  in  the  cheese  business  and  is  quali- 
fied to  make  cheese  of  good  quality  when  the  plant  begins 
operation.  Technical  assistance  and  advice  have  been  provided  him 
insofar  as  possible,  including  several  visits  to  his  plant  and  numer- 
ous additional  conferences. 

Dos  Pinos  Cooperativa  de  Productores  de  Leche,  R.  L.,  located 
in  San  Jose,  is  presently  ( 1958 )  completing  a  new  cheese-manu- 
facturing building  and  will  soon  begin  production  of  several  types 
of  cheese.  This  operation  will  be  the  largest,  best  equipped,  and 
most  modern  in  the  country  and  will  be  able  to  manufacture  large 
quantities  of  cheese.  Several  types  are  being  considered,  including 
cottage,  cheddar,  Edam,  processed,  and  possibly  Swiss  and  Gouda. 
In  the  middle  of  November,  1958,  cottage  cheese-making  was 
started,  with  considerable  technical  assistance  offered. 

A  farm  dairy  in  San  Jose  maintains  a  cheese  operation  about 
4  months  each  year  for  manufacturing  an  aged  cheddar  cheese. 
The  cheese  is  of  marketable  quality  and  sells  for  $4.50  at  whole- 
sale and  $6.00  at  retail.  The  dairy  makes  about  40  pounds  per  day 
when  surplus  milk  is  available.  It  uses  a  starter  and  pasteurizes  the 
milk. 


Inspecting  newly 
cured  cheese  at 
Monteverde 


In  Guanacaste  Province,  a  farmer-manufacturer  makes  a  small, 
round,  aged  cheese  of  about  1  to  2  pounds  in  weight.  When  his 
farm  was  visited,  an  available  sample  two  months  old  was  judged 
to  be  of  acceptable  quality  but  somewhat  lacking  in  true  cheese 
flavor  because  a  starter  was  not  used.  All  the  milk  used  for  cheese 
was  pasteurized.  The  cheese  was  sold  at  wholesale  from  $1.35  to 
$3.00  per  pound. 

Another  farmer-manufacturer,  located  on  Volcan  Irazu,  makes 
70  pounds  per  day  of  a  small,  round,  aged  cheese  of  about  1  to 
2  pounds  in  weight.  The  cheese  is  made  from  raw  milk  and  no 
starter  is  used.  It  has  a  strong  flavor  more  like  a  brick-type  cheese 
than  cheddar  cheese  but  is  of  fairly  good  flavor  after  1  to  2  months 
of  curing.  The  cheese  sells  for  $3.00  per  pound  wholesale. 

Since  all  major  cheese-producing  nations  of  the  world  have 
established  factory  operations  for  manufacturing  cheese,  it  would 
appear  that  farm  manufacture  in  Costa  Rica  should  not  be  en- 
couraged. Accordingly,  no  recommendations  are  made  for  im- 
proving these  methods  or  the  quality  of  the  finished  product. 

While  some  consideration  should  be  given  to  the  protection  of 
a  growing  cheese  industry,  it  would  appear  that  the  import  duty 
of  $7.00  per  pound  plus  4  per  cent  ad  valorem  is  adequate  at  this 
time  and  that  such  protection  affords  ample  opportunity  for  devel- 
opment of  a  cheese  industry  in  Costa  Rica. 

Based  upon  visits  to  all  important  milk-producing  areas,  it 
appears  that  the  only  ones  not  adequately  "industrialized"  are  the 
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Zarcero  and  Tilaran  areas.  The  fact  that  these  areas  produce  large 
volumes  of  cheese  indicates  that  large  volumes  of  milk  are  also 
produced  there.  Cheese  factories  might  profitably  be  established  in 
these  areas  or,  in  lieu  thereof,  milk-receiving  stations  with  facilities 
to  cool  milk  for  bulk  shipment  to  some  larger  manufacturing  plant. 
At  present  the  only  available  factory  adequate  to  handle  the  volume 
of  milk  that  could  originate  in  Zarcero  and  Tilaran  is  the  Dos 
Pinos  Cooperative  in  San  Jose. 

Time  did  not  permit  making  an  exact  definition  of  a  minimum- 
size  cheese  factory  operation  including  estimates  of  its  costs  and 
the  amounts  of  capital  it  would  require.  Such  costs  as  raw  material 
(manufacturing  milk),  labor,  equipment,  supplies,  and  facilities 
all  must  be  taken  into  consideration.  It  would  appear  that  a  factory 
would  have  to  have  the  capacity  to  make  several  thousand  pounds 
per  day  in  order  to  afford  the  expense  of  suitable  equipment, 
trained  personnel,  adequate  curing  and  cold-storage  rooms,  and 
packing  facilities.  In  the  United  States,  a  minimum-size  factory 
must  make  at  least  3,000  pounds  daily  to  operate  profitably. 

Factors  Influencing  Cheese  Industrialization 
Milk  Prices  for  Manufacturing 

The  highest  return  to  the  producer  of  milk  is  for  the  best-quality 
milk  to  be  consumed  in  fluid  form  as  whole  milk,  which  is  com- 
monly called  "market"  milk.  The  milk  used  for  all  other 
manufactured  products  is  ordinarily  called  "manufacturing"  milk 
and  provides  smaller  returns  to  dairy  producers.  Manufactured 
products  do  not  sell  for  as  much  as  fluid  milk  when  calculated  on 
an  equivalent  basis.  For  example,  10  pounds  of  milk  are  required 
to  make  1  pound  of  hard  cheese.  If  the  price  of  cheese  was  estab- 
lished at  10  times  the  price  of  market  milk  plus  manufacturing 
costs,  very  few  people  would  buy  it. 

The  selling  price  of  fresh  market  milk  should  be  balanced 
between  the  production  costs  of  efficient  producers  and  the  willing- 
ness and  ability  of  the  consumer  to  buy  the  milk.  Artificially  high 
milk  prices  provide  more  than  ample  returns  to  efficient  producers 
and  protect  the  inefficient  producers.  The  inevitable  prospect  under 
the  second  situation  tends  toward  excessive  milk  production  and 
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surplus  manufactured  dairy  products.8  The  price  paid  for  market 
milk  and  manufacturing  milk  must  be  kept  in  balance  in  order  to 
make  use  of  all  milk  produced,  with  the  price  of  the  manufacturing 
milk  always  being  somewhat  lower  and  sometimes  only  half  as 
much  as  market  milk.  In  order  to  determine  just  what  are  reason- 
able and  correct  prices,  it  is  necessary  to  use  comparative  figures. 
United  States  milk  data  are  reliable  and  readily  available.  They 
reflect  price  differentials  in  markets  that  have  been  clearly  estab- 
lished over  the  years  by  supply  and  demand  forces.  They  are  used 
here  for  the  purpose  of  showing  the  pricing  relationship  between 
market  milk  and  manufacturing  milk  (Table  3  ). 

TABLE  3. — Costa  Rica  and  United  States  Milk  and  Milk  Products  Prices, 

August,  1958 


Average  Prices  Quoted 

in  Costa  Rican 

Currency 

Items 

In  Costa  Rica 

In  United 

Units 

(Dos  Pinos) 

States* 

Price  of  milk  paid  by  fluid  mi 

ilk  distributors 

bottlef 

00.56 

00.52 

Retail  price 

bottle 

0.80 

1.23 

Farmers'  share  of  retail 

per  cent 

70% 

42% 

Manufacturing  milk 

bottle 

— 

0.30 

Cheese,  cheddar  (wholesale) 

pound 

— 

2.23 

Process,  cheddar  (retail) 

pound 

— 

3.85 

*The   Dairy  Situation,   Agricultural  Marketing   Service,   USD  A,  August,    1958. 
tOne   Costa  Rican  bottle  holds   1.5  pounds. 

This  tabulation  shows  that  the  retail  price  in  the  United  States 
is  considerably  more  than  in  Costa  Rica,  even  though  the  unit  price 
paid  to  the  farms  is  almost  the  same,  and  indicates  that  the  Costa 
Rican  farmers  are  getting  a  very  high  return  in  relation  to  the 
retail  price.  It  is  presumed  either  that  the  price  is  high  because 
of  costs  of  production  or  that  the  operation  and  management  of 
the  manufacturing  plant  are  very  efficient,  as  compared  to  opera- 
tions in  the  United  States.  It  should  be  recognized,  however,  that 
labor  costs  in  the  United  States  are  quite  high  and  that  additional 
services  are  provided   (smaller  units,  credit,  greater  variety). 

The  foregoing  exhibit  should  not  be  construed  by  Costa  Ricans 
as  justification  for  an  increase  in  payment  to  farmers  for  milk  or 
for  an  increase  in  retail  prices  of  fluid  milk. 

Using  the  United  States  figures  as  a  guide,  Costa  Rican  prices 
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for  the  blank  spaces  in  Table  3  may  be  calculated  as  follows: 

Manufacturing  milk  bottle  $0.32 

Cheddar  cheese   (wholesale)  pound  2.40 

Process,  cheddar    (retail)  pound  4.15 

It  appears  that  a  fair  price  to  pay  for  manufacturing  milk  in 
Costa  Rica  at  the  present  time  would  be  around  $0.32  per  bottle 
Since  over-all  manufacturing  costs  are  lower  than  in  the  United 
States,  it  would  appear  that  cheese  can  be  made  at  lower  costs 
than  in  the  United  States.  The  increase  in  the  retail  selling  price 
over  that  of  the  cost  of  the  market  milk  is  138  per  cent  in  the 
United  States  and  only  43  per  cent  in  Costa  Rica.  Thus  the  over- 
all manufacturing  costs  are  considerably  lower.  This  was  indicated 
by  the  smaller  spread  in  fluid  milk  processing  costs  shown  in 
Table  3.  Using  the  same  figures,  the  cost  of  manufacturing  cheese 
calculates  out  to  a  24  per  cent  increase  over  the  cost  of  milk. 
Thus,  in  Costa  Rica  it  can  be  assumed  that  about  15  per  cent 
allowance  for  manufacturing  costs  would  be  sufficient  for  an 
economic  and  profitable  operation.  The  cost  of  milk  that  would 
thus  go  into  one  pound  of  cheese  would  be  $1.92,  or  6  x  0.32,  as- 
suming that  six  bottles  of  milk  will  be  used  to  manufacture  one 
pound  of  cheese.  Adding  15  per  cent  manufacturing  cost  brings  the 
total  cost  of  the  cheese  to  $2.21,  or  just  a  little  under  that  in  the 
United  States.  It  can  be  concluded,  therefore,  that  Costa  Rica  can 
produce  cheese  as  inexpensively  as  the  United  States,  and  thus  be 
competitive.  The  whole  basis  for  this  conclusion  rests  upon  the 
assumption  that  the  price  paid  to  farmers  for  manufacturing  milk 
should  be  no  more  than  $0.32  per  bottle. 

World  Dairy  Products  Situation 

"World  milk  production  during  1957  was  up  about  2  per  cent 
over  the  previous  record  of  about  645  billion  pounds  estimated 
for  1956.  Production  in  nearly  all  the  major  producing  countries 
was  equal  to  or  above  last  year's  output."9  In  the  fall  of  1958 
there  was  a  "world  excess  of  milk  production  over  the  demand  for 
milk  drinkers,  or,  at  present  prices,  of  butter  and  cheese  eaters."10 
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The  world's  production  of  cheese  in  1957  reached  an  all-time 
high  of  5.7  billion  pounds.  This  amounted  to  an  increase  of  15.7 
per  cent  more  than  the  five-year  average  of  1950-54  of  4.9  billion 
pounds  total  annual  production.11 

From  these  reports  it  can  be  concluded  that  for  the  past  decade 
the  increase  in  cheese  production  in  the  world  has  been  at  the  rate 
of  about  3  per  cent  per  year.  It  is  significant  to  note,  too,  that 
world  butter  production  was  up  4  per  cent  from  the  1956  level. 
This  is  a  postwar  high  at  10.3  billion  pounds  for  a  15.1  per  cent 
increase  over  the  1950-54  five-year  average. 

Cheese  prices  in  the  United  States  (Chicago  Wholesale  Market 
of  No.  1,  American  Daisies)  have  been  in  the  range  of  $2.22  to 
$2.41  per  pound  since  1955  to  the  present  time  and  are  holding 
steady.12  New  Zealand  cheese  on  the  International  Market  for 
United  Kingdom  consumption  dropped  from  $2.56  per  pound  in 
1956  to  $1.28  in  1957,  indicating  a  surplus  in  that  important 
cheese-export  country.  It  would  appear  that  Costa  Rica  could  de- 
velop a  foreign  market  for  cheese  at  a  price  somewhere  between 
that  of  the  United  States  and  New  Zealand. 

In  most  major  milk-producing  areas  of  the  world  the  small 
dairy  farmer  is  politically  important  and  is  therefore  protected  in 
some  degree  by  price  supports.  Hence,  if  Costa  Rica  desires  to 
develop  an  export  market  for  cheese,  a  highly  desirable  objective, 
the  country  could  compete  favorably  if  payments  to  milk  producers 
are  not  excessive,  if  manufacturing  costs  are  kept  low,  and  if 
wholesale  prices  for  cheese  on  the  world  market  are  maintained 
at  competitive  levels. 

A  Plan  for  Processed  Cheese  Manufacture 

It  appears  that  the  manufacture  of  processed  cheese  offers  an 
excellent  opportunity  at  the  present  time  to  further  needed  in- 
dustrialization in  Costa  Rica,  and  as  an  agricultural  industry  it 
can  produce  a  product  of  higher  value  than  that  made  on  the  farm. 
Since  cheese  could  be  manufactured  in  Costa  Rica  at  prices  com- 
petitive in  the  world  market,  processed  cheese  should  be  given 
consideration  for  trade  with  the  other  Central  American  and  South 
American  countries.   The  farm  production  of  milk  is  a   resource 


Cheese  is  immersed 

in  salt  brine  for 

curing 


that  can  be  replenished  and  one  which,  when  further  developed, 
will  yield  the  country  greater  agricultural  income. 

Without  getting  into  a  technical  discussion  of  processed  cheese 
manufacture,  it  might  be  said  that  a  certain  amount  of  fresh 
cheese  is  needed  to  make  good-quality  processed  cheese.  The  fresh 
cheese  supplies  the  needed  body  and  texture  properties  not 
obtained  from  aged  cheese.  This  fact  offers  an  unusual  opportunity 
to  make  use  of  the  large  amount  of  inexpensive  white  cheese  avail- 
able in  the  country.  While  it  is  recognized  that  this  cheese  is  not 
of  good  quality,  the  heat  treatment  of  processing  is  known  to 
improve  somewhat  on  the  original  quality  and  also  to  make  the 
processed  cheese  safe  for  human  consumption.  The  heat  treatment 
is  higher  than  normal  pasteurization  and  the  final  product  is  almost 
sterile.  It  has  a  very  good  keeping  quality,  or  "shelf-life,"  even 
without  refrigeration. 

The  exact  method  of  making  processed  cheese  by  blending  white 
cheese  (to  provide  the  body  and  texture)  with  good-quality  aged 
cheddar  cheese  (to  provide  the  desired  flavor)  will  have  to  be 
established  by  further  research,  since  such  information  is  not  avail- 
able. The  details  of  manufacture  would  need  to  be  verified  by 
experimentation,  but  enough  is  known  of  the  method  of  processed 
cheese  manufacture  to  predict  that  blending  of  white  cheese  and 
cheddar  cheese  will  make  a  good-quality  processed  cheese. 
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It  is  apparent  that  regardless  of  whether  efforts  are  made  to 
improve  or  to  discourage  the  making  of  farm  cheese  for  the  fore- 
seeable future,  the  practice  will  continue.  This  is  due  to  the  fact 
that  many  areas  are  not  accessible  by  roads,  and  cheese  offers  the 
only  way  the  milk  can  be  marketed.  As  long  as  the  farm  white 
cheese  is  available  a  market  should  be  found  for  it,  since  it  often 
represents  the  only  cash  income  for  many  dairy  farmers. 

To  assist  the  farmers  in  remote  areas  who  are  making  white 
cheese  and  need  a  reliable  market  for  it,  the  government  should 
consider  purchase  of  such  cheese  at  a  support  price  of  around  $1.50 
per  pound,  which  would  provide  the  farmer  with  the  equivalent 
of  $0.25  per  bottle  of  milk.  While  this  is  not  a  large  return,  many 
farmers,  especially  in  Guanacaste  Province,  would  undoubtedly 
take  advantage  of  such  a  market.  Their  cheese  could  then  be  used 
for  blending  with  the  better-quality  aged  cheese  manufactured  by 
industrial  firms  equipped  to  make  such  cheese.  Assuming  that  the 
wholesale  price  of  good  cheddar  might  be  as  much  as  $2.40  per 
pound,  blending  with  $1.50  per  pound  white  cheese  would  bring 
the  processed  cheese  cost  down  to  a  base  price  of  around  $2.00  per 
pound.  Manufacturing  costs  would  not  be  expected  to  add  more 
than  25  per  cent  over  ingredient  costs,  so  the  retail  price  would 
be  $2.50  per  pound.  Note  that  the  United  States  processed  ched- 
dar, as  shown  in  Table  3,  retails  at  $3.85  per  pound.  In  addition 
to  cheddar  types,  the  white  cheese  could  also  be  utilized  in  other 
processed  cheeses,  such  as  Swiss.  The  cheese  might  be  made  in 
three  flavor  intensities — mild,  medium,  and  sharp — to  suit  individ- 
ual tastes.  Various  types  could  be  made  for  foreign  exports  as 
determined  by  trade  agreements  with  other  countries.  A  national 
brand  should  be  promoted  with  standardized  quality  and  compo- 
sition. While  only  time  will  determine  the  best  types  to  make,  a 
beginning  can  be  made  by  selecting  only  a  few  known  kinds  that 
are  preferred  by  the  majority  of  the  people. 

In  addition,  emphasis  should  be  placed  on  packaging  in  small, 
consumer-sized  portions  and  on  quality  packaging  materials  which 
will  prevent  spoilage,  aid  in  preservation,  and  eliminate  the  rind. 
Such  cheese  could  be  made  to  sell  at  prices  competitive  with  white 
cheese  presently  in  the  market. 
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Discussion 
Areas  for  Research 

Only  limited  data  are  available  in  the  over-all  fields  of  milk 
production  and  dairy  products  manufacture  and  distribution  in 
Costa  Rica.  Since  all  dairy  products  are  closely  related  with  respect 
to  supply  and  demand  for  the  various  products,  a  comprehensive 
economic  study  is  needed  to  determine  milk  production  costs  as 
well  as  the  interrelationships  of  the  dairy  products  marketing  situa- 
tion. All  available  information  should  be  assembled  for  evaluation. 
Where  data  are  lacking,  steps  should  be  taken  to  obtain  the 
necessary  information  or  to  encourage  various  responsible  govern- 
ment agencies  to  do  so. 

A  second  area  of  research  should  be  of  a  practical  nature  to 
determine  the  best  manufacturing  methods,  packaging,  costs,  and 
marketing  opportunities  for  processed  cheese  is  described  earlier. 

Government  Programs 

At  present  only  a  limited  amount  of  work  in  the  field  of  clean 
milk  production  is  being  done  either  by  the  government  or  by 
private  commercial  dairy  plants.  It  would  be  well  for  some  one 
agency  to  assume  the  responsibility  of  establishing  minimum  regu- 
lations for  production  of  good-quality  milk.  Such  requirements 
might  at  first  include  only  such  recommendations  as  proper  barn 
construction,  suitable  utensils,  sanitation  of  udder  and  utensils, 
milk  cooling,  and  health  standards  for  herd  and  milkers. 

The  government  should  consider  establishing  minimum  sanita- 
tion standards  for  milk  production,  farm  cheese  production,  and 
dairy  plant  operations.  Also,  the  government  should  establish 
standards  of  identity  (quality  and  composition)  for  the  various 
dairy  products  manufactured  in  Costa  Rica  as  well  as  for  those 
permitted  to  be  imported. 

Summary 

A  survey  of  the  cheese  industry  of  Costa  Rica,  made  during 
October  through  December,  1958,  found  that  milk  production 
represents  nearly  10  per  cent  of  the  total  farm  income.  Although 
milk  production  per  cow  is  low,  the  potential  for  increased  milk 


THE    CHEESE    INDUSTRY  195 

production  at  lower  cost  is  excellent.  About  22  per  cent  of  the 
milk  is  used  for  manufactured  dairy  products  other  than  fluid  milk. 

Over  5  million  pounds  of  cheese  are  manufactured  annually  in 
Costa  Rica  and  CARE  imports  represented  an  additional  1  million 
pounds  in  1957  which  were  used  in  schools  and  nutritional  centers. 
Imports  other  than  CARE  cheese  amounted  to  less  than  4  per  cent 
of  total  consumption.  Annual  per  capita  consumption  of  all  cheese 
was  6.5  pounds,  which,  while  considered  a  fairly  good  level,  is 
subject  to  increase. 

Most  of  the  cheese  is  made  in  small  quantities  and  under  poor 
conditions  on  farms — a  practice  which  should  be  discouraged.  The 
potential  for  developing  efficient  industrialized  cheese  factory 
operations  is  very  good.  Such  industrialization  is  needed  in  Costa 
Rica.  Cheese  could  be  made  on  an  industrial  scale  to  sell  at  prices 
competitive  with  any  in  the  world,  as  well  as  within  the  country, 
provided  payment  for  milk  to  farmers  is  kept  sufficiently  low  to 
protect  only  the  more  efficient  producers.  There  is  supporting  evi- 
dence that  manufacturing  milk  should  be  priced  at  no  more  than 
$0.32  per  bottle  and  farm-made  white  cheese  at  no  more  than  $1.50 
per  pound  in  order  to  develop  an  industry  which  could  manu- 
facture competitively  priced  cheese  for  foreign  trade  markets. 

A  minimum  number  of  larger-sized  cheese  factories  should  be 
established.  At  present,  the  Zarcero  and  Tilaran  areas  appear  suit- 
able. Technical  procedures  for  manufacture  of  a  limited  number 
of  types  of  cheese  have  been  provided,  and  a  plan  has  been  pro- 
posed which  offers  an  unusual  opportunity  for  utilizing  a  large 
amount  of  the  inexpensive  white  cheese  in  blends  of  processed 
cheese.  The  recommended  development  of  an  industrial  cheese- 
manufacturing  industry  in  Costa  Rica  will  provide  a  greater  outlet 
for  milk,  a  natural  resource  that  can  be  replenished,  and  a  way  to 
market  a  potentially  higher-value  agricultural  product  which  can 
bring  additional  export  income  into  Costa  Rica. 

Recommendations 

Based  upon  visits  around  the  country,  available  data,  discussions, 
and  other  information  and  facts  discussed  in  detail  in  the  preced- 
ing report,  the  following  recommendations  are  presented : 
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1.  Only  a  minimum  number  of  large,  efficient  cheese  factories  should 
be  established. 

2.  At  the  present  time  cheese  factories  or  receiving  stations  might 
profitably  be  established  in  the  Zarcero  and  Tilaran  areas. 

3.  A  factory  should  be  established  to  manufacture  cheese,  especially 
processed  cheese,  which  will  be  competitively  priced  for  trade  with  other 
Central  and  South  American  countries  as  well  as  for  local  consumption. 

4.  By  means  of  a  strong  educational  program  over-all  milk  produc- 
tion efficiency  should  be  improved  to  reduce  costs  and  to  supply  larger 
volumes  of  low-cost  milk  for  manufacturing  purposes. 

5.  For  the  present,  milk  for  cheese  manufacturing  for  foreign  trade 
should  be  priced  at  no  more  than  $0.32  per  1.5  pound  bottle. 

6.  Farm-making  of  cheese  should  be  discouraged  and,  wherever  pos- 
sible, milk  should  be  marketed  as  fresh,  whole  milk  to  larger-sized 
industrial  dairies. 

7.  In  areas  where  cheese  is  the  only  means  of  getting  milk  to  market, 
the  farm  cheese  should  be  purchased,  possibly  under  a  government 
support  program,  at  no  more  than  $1.50  per  pound  for  use  in  processed 
cheese  manufacture. 

8.  To  make  it  possible  for  farm  cheese  producers  to  shift  to  beef 
production  when  prices  for  beef  are  more  favorable  than  for  cheese, 
beef  production  loans  could  be  made  available  and  cash  payment, 
equivalent  to  milk  and  cheese  payments,  made  at  regular  intervals. 

9.  The  government  should  continue  to  strengthen  the  over-all  educa- 
tion and  enforcement  programs  in  the  areas  of  dairy  cattle  health,  per- 
sonnel health,  and  farm  and  factory  sanitation,  and  should  establish 
legal  standards  for  quality  and  composition  of  dairy  products. 
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Forage,  Pasture  and  Field  Crops 

oday  in  Costa  Rica  there  is  a  wide  range  of  grass 
and  legume  species  used  for  pasture  and  cut  for- 
age. Although  the  legume  species  actually  seeded  are  of  minor 
importance  at  the  present  time,  several  annual  and  perennial 
species  introduced  from  the  United  States  show  promise,  and  larger 
acreages  are  being  seeded  each  year.  In  general,  most  pastures 
furnish  their  best-quality  feed  during  the  period  of  six  to  eight 
weeks  following  the  usual  winter  and  spring  drought  on  the  Pacific 
side.  Pastures  on  the  Atlantic  side  are  subject  to  a  more  continuous 
year-round  supply  of  rain.  As  a  result,  much  of  the  forage  under 
grazing  is  a  washed-out  type  of  feed,  low  in  nutrition. 

Pasture  Grasses  and  Legumes 

Nearly  all  pastures  in  Costa  Rica  are  being  overgrazed.  There 
are  several  approaches  that  can  be  used  either  singularly  or  in 
combination  to  correct  this  situation. 

1.  Reduce  or  cut  down  on  the  number  of  animals  kept  and  grazed. 
This  can  be  accomplished  by  selling  surplus  animals  for  meat  purposes, 
locally  or  by  export. 

2.  Fertilize  and  lime  existing  pastures  and  forage.  This  would  in- 
crease both  quantity  and  quality  of  feeds  for  existing  livestock  and 
would  quite  possibly  allow  for  as  much  as  a  100  per  cent  increase  in 
numbers  of  livestock. 

3.  Improve  management  practices  of  existing  pastures.  This  would 
give  a  greater  supply  of  more  nutritious  feed;  rotational  grazing,  mow- 
ing, or  cutting  mature  grasses  and  weeds  or  brush  with  machetes 
would  greatly  improve  this  phase. 

4.  Plant  superior  grasses  and  legumes  where  they  are  adapted. 

New  Seeds  and  Plants 

The  following  forage  and  pasture  crops  were  brought  to  Costa 
Rica  by  way  of  the  Florida  Agricultural  Experiment  Station  and 
the  USDA  during  1955  and  1956. 
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169  oat  varieties  and  strains  in  1955  and  27  superior  varieties  and 
strains  in  1956. 

24  clover  varieties  in  1955  and  again  in  1956. 

20  alfalfa  varieties  in  1955  and  again  in  1956. 

3  varieties  of  sweet  lupines  including  two  yellow — and  one  blue- 
flowered  type. 

2  varieties  of  indigo. 

1  pearl  or  cattail  millet  variety. 

1  improved  Georgia-Puerto  Rico  Napiergrass. 
5  ramie  strains  or  types. 

2  Bermuda  varieties. 

3  varieties  of  bahiagrass. 

3  kudzu  varieties  or  strains. 

2  lespedeza  varieties. 

5  trefoil  varieties. 

19  varieties  of  sweet  and  grain  sorghums. 

12  wheat  varieties. 

Miscellaneous  grasses  such  as  buffel,  alta  and  Kentucky  31  fescue, 
pangola,  and  Rhodes. 

Several  hundred  miscellaneous  grass  and  legume  species  of  tropical 
origin  by  way  of  the  Southern  Regional  Forage  and  Pasture  Introduc- 
tion Station,  Griffin,  Georgia. 

Performance   of  Introduced  Plants 

Hairy  Indigo. — Both  early  and  late  strains  were  grown  at  a 
number  of  locations.  The  late  or  regular  strain  of  hairy  indigo 
proved  superior,  and  is  adapted  to  areas  with  elevations  of  500 
meters  or  less.  When  seeded  at  elevations  of  less  than  500  meters, 
hairy  indigo  grows  rapidly  to  a  height  of  1.2  to  1.5  meters  in  eight 
weeks  or  less.  Late  hairy  indigo  has  possibilities  for  pasture,  silage, 
hay,  and  green  manure  crop.  In  1956,  at  one  location  near  Orotina, 
indigo  seed  was  harvested  on  a  commercial  scale  for  the  first  time 
in  the  history  of  Costa  Rica. 

Alfalfa. — Twenty  varieties  of  alfalfa  were  secured  from  the 
United  States  Department  of  Agriculture  in  1955  and  again  in 
1956.  Test  plantings  were  made  at  the  El  Alto  Experiment  Station 
and  at  higher  elevations  on  the  Irazu  Mountain.  Indications  to 
date  are  that  the  hairy  Peruvian  or  Chilean  and  African  alfalfas 
are  more  or  less  adapted  to  the  area  at  elevations  of  1,500  to  3,000 
meters.  Good  increases  in  alfalfa  growth  and  easier  stand  establish- 
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ment  can  be  secured  when  the  soil  pH  is  adjusted  to  6.5 — 7.0 
through  the  use  of  limestone.  Small  amounts  of  nitrogen  along 
with  heavier  concentrations  of  phosphorus  and  potassium,  at  least 
once  each  year  and  preferably  twice  annually,  have  been  respon- 
sible for  sizable  increases  in  plant  growth.  One  thousand  pounds 
per  manzana  of  a  5-20-20  fertilizer  at  seeding  time  and  an  annual 
application  at  the  same  rate  is  recommended,  or  a  split  application 
at  six-month  intervals  after  establishment  is  suggested.  The  initial 
application  at  seeding  is  very  important. 

As  alfalfa  reaches  the  flowering  stage  in  Costa  Rica,  alfalfa  leaf 
spot  is  sometimes  severe.  If  so,  the  alfalfa  should  be  cut  and  re- 
moved. New  growth  following  a  cut  crop  of  alfalfa  is  usually  free 
from  the  disease  until  it  again  nears  maturity.  Under  favorable 
weather  conditions  this  disease  will  not  be  present.  Alfalfa  would 
appear  to  be  best  suited  for  dairy  farmers  or  manufacturers  of 
processed  feeds  in  Costa  Rica. 

Red  Clover. — Kenland  red,  Nolin's  red,  Louisiana  red,  Port 
Gibson,  and  Pennscott  are  all  superior  types  of  red  clover  and  make 
excellent  growth  at  altitudes  of  1,200  meters  and  higher.  These 
clovers  have  been  under  trial  for  two  years.  Several  shipments  of 
Kenland  seed  of  over  100  pounds  each  have  come  into  Costa  Rica 
for  commercial  planting  in  pastures.  The  Nolin's,  Louisiana,  Port 
Gibson,  and  Pennscott  produce  flowers  and  set  some  seed  several 
months  earlier  than  Kenland.  Since  bees  are  scarce  at  these  eleva- 
tions, clover  seed  production  will  probably  be  at  a  minimum.  It 
is  quite  likely  that  the  red  clovers  will  find  an  increasingly  im- 
portant place  in  the  Costa  Rican  pasture  program  of  the  future. 
Varieties  of  red  clover  other  than  Kenland,  such  as  Nolin's, 
Louisiana,  and  others,  should  be  imported  in  larger  quantities  as 
they  show  real  promise. 

White  Clover. — Nolin's  white,  Louisiana  white,  and  ladino  have 
proved  superior  to  other  varieties  and  seem  adapted  at  elevations 
of  800  meters  and  up.  It  is  quite  possible  that  both  the  white  and 
red  clovers  will  eventually  grow  at  the  lower  elevations  and  at  sea 
level.  More  bees  are  found  in  the  warmer  coastal  areas  and  areas 
of  lower  elevation,  and  they  will  cause  a  greater  seed  set  on  the 
clovers  because  of  better  pollination.  Often  these  clovers  will  be- 
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have  as  annuals  in  a  warm  climate,  making  seed  production  a 
necessity  for  their  perpetuation. 

Subterranean  and  Crimson  Clover. — Four  varieties  of  subter- 
ranean and  six  of  crimson  clover  were  tried  each  year  for  two 
seasons  and  showed  little  or  no  promise. 

Lupines. — Sweet  yellow  lupines  of  the  Wiko  3  strain,  among 
others,  showed  real  promise  when  grown  at  elevations  of  1,200 
meters  and  more.  The  lupines  probably  should  first  be  used  as 
pasture  or  cut  forage  and/or  for  a  seed  crop.  Because  of  the  scarcity 
of  high  protein  feeds,  particularly  grains  or  cottonseed  meal, 
crushed  lupine  seed  might  well  benefit  the  livestock  feed  problem. 
Crushed  lupine  seed  has  approximately  the  same  feed  value  as 
cottonseed  meal,  and  yields  of  at  least  2,000  pounds  per  manzana 
should  make  this  a  profitable  crop  to  grow.  In  this  area,  potatoes, 
following  the  plowing  under  of  the  lupine  residue,  should  show  an 
increased  yield. 

The  lupine  virus  was  identified  on  some  lupines  which  came 
from  commercial  imported  seed.  Shipments  of  lupine  seed  intro- 
duced into  Costa  Rica  should  be  virus-free.  Kenneth  Corbett  of  the 
University  of  Florida  made  a  brief  survey  of  one  lupine  field  which 
had  the  virus,  and  these  lupines  were  ordered  grazed  out  or 
destroyed. 

Grasses 

Pangolagrass. — Although  pangolagrass  was  already  growing  in 
Costa  Rica,  one  small  lot  of  pangola  vegetative  planting  material 
was  introduced  from  Gainesville  in  mid-1955  and  planted  at  El 
Alto  along  with  several  other  grasses.  It  appears  that  at  some  point 
between  1,065  and  1,375  meters  and  at  higher  altitudes  pangola- 
grass is  not  adapted.  At  lower  elevations,  pangola  grows  very  well, 
particularly  when  fertilized  with  nitrogen,  phosphorus,  and  potas- 
sium. Pangolagrass  appears  to  have  a  decided  place  in  the  Costa 
Rican  forage  and  pasture  program,  particularly  in  the  valley  areas 
along  the  Atlantic  and  Pacific  coasts  and  on  plateaus  of  300  to 
600  meters  elevation. 

Coastal  and  Suwanee  Bermudagr asses. — These  grasses  were  in- 
troduced from  Gainesville  in  mid-1955  and  planted  at  the  El  Alto 
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Experiment  Station.  Because  of  delay  in  getting  these  grasses 
cleared  through  customs  they  were  received  in  a  weakened  con- 
dition and  were  planted  under  unfavorable  weather  conditions, 
which  resulted  in  a  failure  for  these  grasses. 

Bahiagrasses. — Pensacola,  Lassiter's  Pensacola,  and  Argentine 
bahia  seed  were  brought  to  Costa  Rica  from  the  Florida  Agricul- 
tural Experiment  Station.  Plantings  made  at  El  Alto  were  slow  to 
sod  over,  whereas  the  same  grasses  seeded  at  El  Capulin  were  quite 
rapid  in  establishment,  with  a  full  sod  cover  in  12  weeks.  Argentine 
bahia  appeared  to  make  the  most  rapid  growth;  all  three  varieties, 
however,  remained  green  during  extreme  drought  conditions  when 
all  other  grasses  were  brown.  The  Guanacaste  area  is  well  adapted 
for  the  production  of  Pensacola  or  Argentine  bahia  seed,  and,  if 
these  varieties  prove  popular,  commercial  seed  production  should 
be  promoted.  Common  bahia  seed  can  also  be  profitably  produced 
in  this  area,  but  at  the  present  time  the  seed  crop  is  being  wasted 
because  of  no  interest  in  seed  harvest.  Very  few  seed-heads  or  seeds 
are  produced  by  the  bahiagrasses  in  the  Meseta  Central  region  or 
at  higher  altitudes. 

Buffelgrass. — This  perennial  deep-rooted  grass  shows  promise 
in  the  Guanacaste  Province  and  in  lower  elevations  of  the  Meseta 
Central  region.  Buffelgrass  is  quite  palatable  even  when  in  a  ma- 
ture growth  stage;  it  is  best  grazed,  however,  when  in  the  vegetative 
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stage.  This  grass  shows  promise  as  a  hay  grass,  with  hay  being  cut 
in  December  or  January  after  the  heavy  rains  have  stopped.  More 
investigations  are  needed  to  evaluate  this  grass  in  Costa  Rica. 
Seeding  is  very  easy  when  done  with  an  Ezee  Flow  fertilizer 
spreader  or  similar  machine,  but  it  is  difficult  when  done  by  hand 
or  through  cyclone  seeders  because  of  the  nature  of  the  seed. 

Pearl  or  Cattail  Millet. — This  variety  of  millet  is  an  annual 
capable  of  producing  heavy  tonnage  of  nutritious,  palatable  feed 
at  elevations  below  600  meters  when  ample  moisture  and  fertility 
are  available.  More  planting  and  fertilization  trials  are  needed  with 
this  grass  to  check  its  potential  for  various  areas  in  Costa  Rica  as 
well  as  for  grazing,  soiling,  and  silage.  Less  than  eight  weeks  were 
required  at  El  Capulin  to  grow  this  grass  to  maturity.  Under  graz- 
ing or  cutting  practices,  cattail  millet  should  supply  a  good-quality 
feed  for  four  to  six  months  during  the  season  of  adequate  moisture, 
or  longer  under  irrigation.  Fertilization,  particularly  with  nitrogen, 
is  necessary  for  successful  production. 

Oats. — In  1955,  169  varieties  and  strains  of  Florida-bred  oats 
were  planted  experimentally  at  the  El  Capulin  Station.  From  this 
lot  of  oats,  46  varieties  or  strains  proved  to  be  disease-resistant 
for  the  one  year  and  produced  satisfactory  grain  and  forage  yields. 
The  grain  yields  of  these  selected  types  ranged  from  40  to  96 
bushels  (32  lb.  per  bu. )  per  acre.  Most  of  the  oats  discarded  were 
attacked  by  Helminthosporium,  stem  rust  (Puccinia  graminis 
avenae ) ,  or  crown  rust  ( P.  coronata  avenae ) .  The  46  selected 
strains  of  oats  were  requested  again  in  1956  from  Florida;  only 
27  varieties,  however,  were  received  and  these  were  planted  in  a 
randomized  experimental  block  with  four  replications.  Oats  appear 
very  promising  as  a  grain  or  forage  crop  for  the  Meseta  Central 
area  and  need  some  careful  investigation  to  determine  the  highest 
yielding  and  most  disease-resistant  variety. 

Seminole  was  the  only  promising  oat  variety  for  which  there 
was  sufficient  seed  available  in  Florida  to  plant  a  seed  increase 
block  in  Costa  Rica.  Fifty  bushels  of  Seminole  oats  were  pur- 
chased; 9  manzanas  were  planted  at  the  El  Alto  Station  and  3 
manzanas  at  El  Capulin.  The  Seminole  oats  at  El  Capulin  were 
fertilized   at   seeding   time    (mid-September)    and   made   excellent 
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growth.  By  mid-December  these  oats  were  in  full  seed-head  with 
an  apparent  potential  of  60-70  bushels  per  acre;  stem  rust  ap- 
peared, however,  and  the  yield  of  grain  was  reduced.  Even  with 
stem  rust  susceptibility,  it  was  recommended  that  this  oat  be  planted 
for  another  year  at  several  locations  on  a  field  trial  basis.  It  is  also 
recommended  that  all  oats  seeded  in  Costa  Rica  be  treated  with 
Semesan  or  Ceresan  for  disease  prevention.  A  variety  resistant  to 
all  stem  and  crown  rust  strains  should  be  selected  if  good  results 
are  to  be  secured  through  this  area  every  year.  Four  bushels  of 
oats  per  manzana  broadcast  and  disked  in  along  with  500-600 
pounds  of  20-10-5  or  similar  fertilizer  applied  at  planting  time 
seems  to  be  a  very  satisfactory  method  for  producing  this  crop. 

Wheat. — Twelve  varieties  of  wheat  from  various  regions  in  the 
world  were  secured  from  the  USDA  and  placed  in  the  hands  of 
Jorge  Mata  P.  of  the  MAI  in  the  late  summer  of  1956.  It  is  very 
likely  that  one  or  more  varieties  of  wheat  will  be  adapted  in  the 
Meseta  Central  area  at  elevations  of  1,000  meters  or  higher,  with 
the  1,500  to  2,000  meter  elevation  probably  being  best  to  grow 
a  reasonably  hard  starch  wheat.  Wheat  as  a  crop  should  be  used 
first  for  grain  and  human  nutrition  and  second  for  livestock  feed, 
pasture,  or  middlings  from  the  grain. 

Two  bushels  of  wheat  per  manzana,  drilled  or  broadcast  and  cut 
into  the  soil  on  a  well-prepared  seed  bed,  along  with  500  pounds 
of  a  20-10-5  fertilizer,  should  allow  this  crop  most  favorable  con- 
ditions to  reach  maturity  and  produce  a  good  seed  crop.  More 
intensive  investigations  on  wheat  strains  and  varieties  might  well 
make  Costa  Rica  self-sufficient  in  this  commodity. 

Sorghums. — A  considerable  acreage  of  sorghum  is  grown  in 
many  small  areas  in  Costa  Rica.  Sorghum  is  utilized  chiefly  as  a 
cut  forage.  Nineteen  of  the  best  standard  varieties  and  new  hybrids 
were  introduced  in  mid-1956  for  planting  in  the  Meseta  Central 
and  Pacific  coast  areas.  These  varieties  were  of  both  grain  and 
sweet  sorghum  types.  Some  of  these  varieties  should  have  sufficient 
leaf  spot  (Helminthosporium)  resistance  to  be  an  improvement 
over  the  black-seeded  variety  now  grown,  and  known  locally  by 
some  as  Sudangrass.  Probably  some  attention  should  be  paid  to 
prussic  acid  content  in  this  crop,  but  this  problem  is  not  as  serious 
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in  the  tropics  as  in  the  more  temperate  regions.  In  the  Guanacaste 
Province  and  parts  of  the  Meseta  Central  at  elevations  of  less  than 
1,000  meters,  it  is  quite  likely  that  one  or  more  of  the  sorghums 
will  produce  profitable  quantities  of  grain,  which  in  turn  should 
benefit  the  poultry  and  other  livestock  industries.  Under  certain 
conditions,  grain  sorghums  may  even  outyield  corn  and  be  a  less 
risky  crop.  This  crop  should  be  fertilized  at  planting  time  and 
planted  toward  the  end  of  the  rainy  season  so  that  it  is  flowering 
and  setting  seed  during  the  early  part  of  the  dry  season.  Nitrogen 
is  very  important  for  the  successful  production  of  sorghums  either 
for  grain  or  forage. 

Corn. — Corn  research,  with  many  new  hybrids,  appears  to  be 
moving  rapidly  under  the  sponsorship  of  the  MAI  and  with  Rocke- 
feller assistance.  Rocomex  (520)  and  Columbia  (252)  along  with 
a  standard  local  variety  were  planted  experimentally  at  El  Alto  for 
silage  purposes.  An  application  of  400  pounds  of  14-14-14  fertilizer 
per  manzana  was  made  for  comparison  with  the  same  corn  varieties 
not  fertilized.  The  fertilized  corn  produced  from  five  to  ten  times 
more  tonnage  than  the  unfertilized  corn.  The  Rocomex  and  Colum- 
bia corn  varieties  proved  susceptible  to  corn  rust  and  leaf  blight 
during  the  tassel  and  earing  stages,  resulting  in  a  great  loss  of 
leaf  just  prior  to  harvest.  From  one  season's  results  it  must  be 
concluded  that  these  two  varieties  are  not  adapted  to  conditions 
similar  to  those  at  El  Alto  because  of  disease  susceptibility.  It 
appears  that  liberal  fertilization  with  the  major  elements,  particu- 
larly nitrogen,  will  greatly  increase  the  total  tonnage  of  corn  for 
silage.  Other  corn  hybrids  should  be  tested  in  this  area.  Approxi- 
mately 20,000  to  25,000  plants  per  manzana  can  be  expected  to 
produce  the  highest  yields  when  nutrition  is  adequate.  This  is 
approximately  twice  as  many  corn  plants  per  manzana  as  is  nor- 
mal for  the  area.  More  fertility  and  cultural  investigations  should 
be  made  with  corn  along  with  variety  trials  in  order  to  make  Costa 
Rica  self-sufficient  in  this  important  crop. 

Ramie. — Five  ramie  varieties  were  secured  from  Florida  for  trial 
as  to  yield  and  utilization  as  forage,  particularly  for  hogs.  Several 
of  these  varieties,  as  well  as  others  from  Puerto  Rico,  made  excel- 
lent  growth   and   should   be   further   investigated   through   feeding 
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trials.  The  leaves  and  growing  tips  of  ramie  are  high  in  protein 
and  minerals.  This  crop  is  best  adapted  to  elevations  from  sea 
level  to  500  meters. 

Peanuts. — Florida  runner,  Dixie  runner,  and  Florispan  peanuts 
appear  adapted  to  the  Guanacaste  area  and  to  the  lower  elevations 
in  the  Meseta  Central,  with  expected  yields  of  2,000  pounds  or  more 
per  manzana.  Cultural,  insect,  and  disease  control  practices  should 
be  investigated  to  promote  the  production  of  more  peanuts  for 
human  as  well  as  livestock  feed  purposes. 

Miscellaneous  Crops. — One  new  flue-cured  tobacco,  five  rice,  six 
sweet  corn,  seven  popcorn,  and  eight  kidney  bean  varieties  were 
received  from  the  USDA  and  the  Florida  Agricultural  Experiment 
Station.  These  seeds  were  given  to  the  appropriate  MAI  specialist 
for  experimental  plantings  in  Costa  Rica.  Four  vegetative  pieces 
of  a  new  Puerto  Rico  Napiergrass  were  received  in  late  summer 
of  1956  and  planted  at  the  El  Alto  Station  and  San  Ramon 
Madrigal  farm.  This  new  Napier  was  a  result  of  hybridization  by 
Glenn  Burton  of  Tifton,  Georgia,  with  a  final  release  from  Puerto 
Rico.  Numerous  grass  and  legume  seeds  of  species  collected  in 
many  foreign  countries  were  secured  from  Edwin  James  of  the 
regional  forage  nursery  at  Griffin,  Georgia.  It  is  possible  from  this 
collection  that  a  buffelgrass  and  Rhodesgrass  strain  may  prove 
adapted  to  the  Meseta  Central  area. 

Forage  and  Pasture  Nurseries 

The  forage  and  pasture  nurseries  established  in  Costa  Rica  in 
most  of  the  principal  livestock  areas  have  served  a  real  purpose. 
Pangolagrass  and  Napiergrass  vegetative  planting  material  have 
been  passed  out  freely  from  these  nurseries  to  interested  farmers 
or  growers.  Probably  three  and  not  more  than  five  of  these  nurseries 
should  be  marked  for  expansion  and  should  be  utilized  as  a  testing 
area  for  all  new  varieties  and/or  strains  of  forage  introduced. 
These  nursery  investigations  have  now  reached  a  point  where 
plantings  or  plots  must  be  replicated,  with  one  or  more  rates  of 
fertilization  and  limestone  and  with  detailed  data  recorded  and 
analyzed.  Yields  of  both  seed  and  forage  must  be  secured  as  well 
as  data  on  management  such  as  frequency  and  height  of  cutting 
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or  grazing.  More  mixtures  of  pasture  or  forage  species  are  needed, 
such  as  red  and  white  clovers  in  combination  with  each  of  the  pre- 
dominant or  recommended  grass  species.  Rates  of  seeding,  time 
of  seeding,  and  method  of  seeding  need  further  investigation.  At 
the  present  time,  seeding  rates  and  dates  are  very  controversial, 
partially  because  of  much  low-quality  seed  placed  on  the  market. 
Seed  laws  or  controls  such  as  those  prepared  for  feeds  and  ferti- 
lizers, but  fitted  to  seed  factors,  would  greatly  assist  this  problem. 
A  seed-testing  laboratory  to  determine  seed  purity,  purity  of  type 
or  variety,  and  germination  or  viability,  with  a  definite  count  and 
tolerance  on  various  weed  or  foreign  seeds,  is  sorely  needed.  An 
educational  program  designed  to  furnish  information  on  time  and 
methods  of  harvesting  specific  seeds  would  help  promote  better 
seed  for  market. 

A  forage  project  was  outlined  cooperatively  with  MAI  personnel 
titled  "Evaluation  of  New  Grasses,  Legumes  and  Miscellaneous 
Plants  Introduced  into  Costa  Rica."  This  project  was  outlined  to 
serve  as  a  guide  toward  establishing  and  maintaining  a  forage 
nursery  at  a  single  location  for  a  period  of  years,  from  which 
reputable  data  can  be  collected. 

Fertilization 

There  are  indications  of  low  to  medium  fertility  of  many  soils 
in  the  Guanacaste  Province  and  the  Meseta  Central  area  based  on 
data  and  observations  of  fertilizer  trials  with  various  grasses  and 
legumes.  Preliminary  experiments  were  conducted  with  fertilizers 
on  the  growth  of  molasses  grass,  corn,  oats,  and  clovers,  and  the 
El  Alto  Experiment  Station  furnished  supplementary  data  showing 
from  50  to  several  hundred  per  cent  increases  in  green-matter  ton- 
nage. The  grass  crops  responded  to  nitrogen,  phosphorus,  and 
potassium  as  well  as  to  applications  of  ground  agricultural  lime- 
stone. Legumes  responded  most  to  phosphorus,  potassium,  and 
limestone  and  to  a  lesser  extent  to  nitrogen  fertilizer.  Other  trials 
at  Ojo  de  Agua,  Irazu,  Paraiso,  and  El  Capulin  have  produced 
similar  results. 

Sufficient  data  are  not  available  to  give  exact  recommendations 
on  fertilization  of  pasture  grasses  and  legumes;  however,  minimum 
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quantities  of  50  pounds  of  nitrogen,  50  pounds  of  phosphoric  acid, 
and  25  pounds  of  potassium  per  manzana  annually  will  greatly 
stimulate  grass  quantity  and  quality.  Twice  the  above-mentioned 
application  (or  100,  100,  and  50  pounds,  respectively)  in  single 
applications  may  be  approaching  the  upper  limit  of  production 
for  molasses  and  jaraguagrasses.  Two  or  three  applications  annually 
are  superior  to  a  single  application.  On  grasses,  late  season  fertili- 
zation (about  four  weeks  before  the  dry  season  starts)  shows  real 
promise  in  furnishing  quality  feed  during  the  dry  season.  Legumes 
have  responded  best  to  applications  of  150  pounds  of  P2O5  and 
150  pounds  of  K2O  per  manzana  at  seeding  time  and  for  main- 
tenance at  the  start  of  the  rainy  season.  That  limestone  has 
benefited  both  grasses  and  legumes  is  shown  by  composition  and 
yield.  Soils  more  acid  than  pH  5.5  to  6.0  may  be  expected  to  show 
a  response  in  crop  yields  and  composition  from  an  application  of 
two  tons  of  ground  agricultural  limestone  per  acre.  Several  pre- 
liminary minor  element  experiments  have  failed  to  show  response 
as  measured  by  grass  or  clover  growth.  Alfalfa  has  responded  to 
annual  25-pound  per  manzana  applications  of  borax. 

Much  more  research  is  needed  on  fertilization  for  different  plant 
species  as  to  mixture,  rates,  and  time  of  application.  Fertilization 
of  many  forages  and  field  crops  can  be  expected  to  increase  yield 
as  much  or  more  than  100  per  cent.  The  economics  of  fertilization 
is  vital,  yet  with  land  or  real  estate  prices  rather  high  and  with  a 
deficiency  production  of  many  vital  food  crops  in  Costa  Rica  it  is 
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almost  a  certainty  that  proper  fertilization  of  crops  will  pay  good 
dividends.  The  fertilizer  industry  in  Costa  Rica  should  be,  and 
probably  is,  one  of  the  fastest-growing  new  industries  in  the 
country. 

Seed  of  Forage,  Pasture,  and  Field  Crops 

The  importance  of  more  research  on  production,  processing,  and 
storage  of  seeds  has  already  been  briefly  mentioned.  There  are 
certain  fundamental  considerations  necessary  in  the  seed  trade  to 
protect  the  producer,  processor,  distributor,  retailer,  wholesaler, 
and  the  consumer  or  purchaser  of  farm  and  garden  seeds.  Techni- 
cal help  would  pay  handsome  dividends  to  Costa  Ricans  in 
organizing  the  seed  industry. 

Experiment  Stations 

Some  time  was  spent  in  working  with  various  MAI  specialists 
at  the  El  Alto,  El  Capulin,  and  Delicias  experiment  stations.  De- 
tailed farm  plans  with  accompanying  projects  were  drawn  up  for 
the  El  Alto  and  El  Capulin  stations.  A  very  worth-while  and 
profitable  forage  nursery  is  maintained  at  the  El  Alto  Station, 
and  when  labor  and  other  facilities  are  available,  a  similar  nursery 
should  be  put  in  operation  at  El  Capulin.  From  the  El  Alto  nursery 
have  come  recommendations  on  oat  varieties,  Kenland  red  clover, 
buffelgrass,  and  Kentucky  31  or  alta  fescue  for  Costa  Rica.  Other 
promising  varieties,  species,  and  strains  are  still  on  test.  A  fertili- 
zation and  pasture  management  program  was  developed  for  both 
stations.  At  El  Alto  a  crop  rotation  program  also  was  developed 
which  places  corn  on  the  same  field  only  once  each  four  years, 
with  grass  legume  pasture  for  the  three  years  following  the  corn- 
silage  harvest.  In  the  rotational  grazing,  mowing,  and  fertilizing 
of  jaraguagrass  for  silage  at  El  Capulin,  the  first  year's  results 
showed  a  decided  improvement  over  continuous  grazing  with  only 
one  mowing  each  year.  Results  are  reflected  in  calf  crop,  cow  con- 
dition, forage  yield,  and  forage  quality. 

The  plans  now  in  effect  should  be  followed  and  should  be  altered 
only  in  case  of  a  failure  of  some  crop  or  pasture,  or  if  further 
improvement  can  be  made.  Future  investigations  should  deal  with 
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new  forage  varieties  or  species  and  fertilization,  along  with  im- 
proved management.  It  appears  that  the  most  promising  phase  of 
forage  crops  investigations  for  Costa  Rica  lies  in  application  of 
the  certain  mineral  fertilizers  at  the  correct  time  and  in  specific 
amounts  as  determined  by  research  results. 

The  Delicias  Experiment  Station  near  Puntarenas  is  located  on 
a  good  soil,  with  a  topography  well  suited  for  experimental 
research  with  field,  vegetable,  and  forage  crops.  To  insure  a  sound 
future  for  such  a  station,  it  is  necessary  to  develop  a  five-  or  ten- 
year  plan  involving  land  use,  season  by  season  and  year  by  year, 
keeping  careful  records  on  all  soil  treatments.  In  addition  to  the 
records  of  crops  involved,  all  fertilizer  and  liming  materials  applied 
should  be  accounted  for,  together  with  changes  in  soil  pH  and 
major  element  supply  or  availability.  To  accomplish  this,  it  is 
necessary  to  have  a  complete  farm  plot  map  drawn  to  scale,  with 
all  field  and/or  crop  boundaries  shown  and  designated  by  letter  or 
number  for  record  purposes. 

Recommendations 

1.  A  new  agronomic  experimental  farm  located  in  the  Meseta 
Central  area  within  10-20  kilometers  of  San  Jose  on  a  moderately 
level  tract  and  with  soils  more  or  less  typical  of  the  area  would  be 
of  great  value  to  the  future  of  Costa  Rican  agriculture.  Probably 
forages,  corn,  beans,  onions,  cane,  and  coffee  should  be  studied 
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under  specific,  statistically-designed  plot  experiments.  Nearness  to 
San  Jose  is  important  for  best  operation  of  the  experiments,  as  it 
would  allow  a  full  8-hour  work  day  and  save  on  daily  transportation 
— factors  which  would  more  than  balance  the  extra  cost  of  a  loca- 
tion near  a  population  center. 

2.  An  increase  in  the  number  of  forage  experiments  should  be 
initiated. 

3.  A  fertilizer  section  or  department  should  be  organized  and 
should  be  charged  with  the  responsibility  of  working  out  the  best 
fertilizer  mixture,  rates,  methods,  and  time  of  application  for  major 
crops  in  Costa  Rica. 

4.  Modern  equipment  such  as  scales,  harvesting  and  threshing 
machines,  and  planting  and  seed-bed  preparation  machinery  should 
be  available. 

5.  More  adequate  funds  for  detailed  specific  research  investi- 
gations, including  adequate  labor  and  supplies,  should  be  made 
available. 

6.  All  projects  or  investigational  work  should  be  outlined 
objectively  and  should  be  brought  to  conclusion  at  the  earliest 
possible    dates. 

7.  Results  from  research  should  be  published  and  released 
promptly  to  extension  agents  and  other  interested  people. 

8.  Experiments  in  progress  at  El  Alto  and  El  Capulin  should  be 
continued  and  increased. 


WILLIAM  G.   BLUE 


Pasture  Fertilization  Experiments 
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rass  pasture  fertilization  experiments  were  initiated 
in  the  three  major  physiographic  regions  of  Costa 
Rica  during  the  latter  part  of  1958.  The  locations  were: 

1.  El  Capulin  Livestock  Experiment  Station  near  Liberia,  Guana- 
caste  Province,  in  the  Pacific  zone. 

2.  El  Alto  Dairy  Cattle  Experiment  Station  near  Cartago  on  the 
Central  Plateau. 

3.  Los  Diamantes  STICA-MAI  Experiment  Station  near  Guapiles, 
Limon  Province,  in  the  Atlantic  zone. 

Experiments  were  designed  primarily  to  determine  the  needs  of 
grass  pastures  for  nitrogen,  phosphate,  and  potash.  Other  ex- 
periments with  forages  and  corn  were  initiated  as  circumstances 
indicated.  Data  for  one  complete  year  were  collected  from  all 
experiments  and  for  two  seasons  from  one  study  at  the  El  Capulin 
Station.  This  report  summarizes  and  discusses  these  data.1 

Terrain,  Soil,  and  Climate  of  Each  Station 

The  El  Capulin  Station  is  approximately  150  feet  above  sea 
level.  Its  topography  is  flat  and  its  soils  are  primarily  light  textured 
and  stratified.  It  is  imperfectly  drained  as  is  indicated  by  mottling 
of  the  soil.  Over  much  of  it,  volcanic  ash  lies  within  five  feet  of 
the  surface.  The  station  was  cleared  and  planted  to  pasture  in  1955. 

The  El  Alto  Station  is  located  just  west  of  the  Continental  Divide 
between  San  Jose  and  Cartago  at  an  elevation  of  about  4,900  feet. 
Its  topography  is  relatively  rough.  The  soils  are  derived  primarily 
from  volcanic  material  and  are  relatively  heavy-textured  and  of 
variable  depth.  Surface  drainage  is  usually  good  because  of  the 
sloping  terrain.  The  farm  has  been  in  cultivation  about  15  years. 

Los  Diamantes  Station  forms  a  part  of  the  relatively  gentle  north- 
ern slope  of  Mount  Turrialba.  Soils  in  the  vicinity  are  primarily 
from  alluvial  deposits  of  materials  from  the  mountainous  area.  The 
elevation  of  the  land  used  for  the  experiments  was  about  250  feet 
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above  sea  level.  The  soil  texture  varied  from  loam  to  silt  loam. 

Average  precipitation  data  and  maximum  and  minimum  temper- 
atures for  each  experimental  station  or  for  the  nearest  weather 
station  are  shown  in  Tables  1  and  2,  respectively. 

TABLE    1. — Precipitation    (Inches)    by   Months    at   the   Three    Experiment 

Stations 


El  Capulin 

El  Alto 

Los  Diamantes 

Month 

Pacific  Zone 

Central  Plateau 

Atlantic  Zone 

( 10-year  Average) 

(2-year  Average) 

(15-year  Average) 

January 

0.06 

0.04 

11.46 

February 

0.00 

0.81 

8.75 

March 

0.10 

0.48 

6.47 

April 

0.37 

1.90 

8.95 

May 

9.37 

6.22 

17.55 

June 

10.68 

11.61 

19.24 

July 

6.17 

1.88 

19.74 

August 

7.33 

4.32 

12.80 

September 

16.69 

6.81 

11.19 

October 

16.15 

10.65 

15.89 

November 

5.13 

2.92 

20.64 

December 

0.94 
72.99 

0.20 
47.84 

22.25 

Total 

174.90 

Source:  Data  for  El  Capulin  were  taken  from  records  of  the  Costa  Rican 
Meteorological  Service  of  the  MAI  and  from  the  town  of  Liberia,  about  one 
kilometer  from  the  experiment  station;  data  for  El  Alto  and  Los  Diamantes  were 
taken  from  records  of  these  experiment  stations. 


TABLE  2. — Maximum  and  Minimum  Temperatures   (Degrees  Fahrenheit)   by 
Months  at  the  Experiment  Stations 


El  Capulin 

El  Alto 

Los  Diamantes 

Pacific 

Zone 

Centre 

il  Plateau 

Atlantic 

Zone 

Month 

(3-yr.  minimum  average) 

(2-yr.  minimum  average) 

(5-yr.  average) 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

January 

88.0 

72.0 

76.3 

55.0 

81.3 

67.0 

February 

89.4 

71.4 

78.3 

54.2 

81.7 

67.1 

March 

90.7 

73.0 

80.7 

55.7 

83.3 

67.2 

April 

93.0 

74.1 

83.2 

55.9 

83.9 

68.8 

May 

91.2 

75.4 

83.1 

56.6 

85.1 

70.8 

June 

86.9 

73.9 

79.7 

57.1 

84.7 

70.8 

July 

87.6 

75.6 

80.4 

57.5 

83.5 

70.3 

August 

88.5 

75.4 

80.7 

56.9 

84.1 

70.2 

September 

85.3 

74.3 

79.9 

56.6 

85.7 

69.6 

October 

84.7 

71.8 

79.5 

56.5 

83.5 

70.0 

November 

84.2 

71.7 

78.0 

55.1 

81.6 

68.8 

December 

84.2 

71.4 

78.1 

55.1 

79.8 

68.4 

Average 

88.0 

73.2 

79.8 

56.0 

83.2 

69.1 

Source:  Same  as  for  Table  1. 
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Materials  and  Methods 

Nitrogen-phosphate-potash  experiments  were  initiated  at  each 
of  the  experimental  stations  with  three  grasses  as  follows:  El 
Capulin — jaraguagrass  (Hyparrhenia  rufa  [Nees]  Stapf),  buff  el- 
grass  (Pennisetum  ciliare  [L]  Link),  and  Argentine  bahiagrass 
(Paspalum  notatum  Flugge);  El  Alto — kikuyugrass  (Pennisetum 
clandestinum  Hoscht),  elephantgrass  (Pennisetum  purpureum 
Schumach),  and  imperialgrass  (Axonopus  scoparius  [Flugge] 
Hitche);  and  Los  Diamantes — pangolagrass  (Digitaria  decumbens 
Stent),  guineagrass  (Panicum  maximum  J  acq. ),  and  elephantgrass. 

Two  clover-grass  experiments  were  also  initiated  at  the  El  Alto 
Station.  These  were  white  clover  (Trifolium  repens)  and  red  clover 
( Trifolium  pratense )  with  kikuyugrass. 

Yield  response  and  forage  quality  differences  resulting  from  rates 
of  fertilization,  and  fertilization  and  harvest  dates  with  jaragua, 
buffel,  and  Argentine  bahia  grasses  also  were  investigated  at  El 
Capulin  Station.  These  studies  were  made  with  primary  emphasis 
on  hay  production  for  use  during  the  dry  season.  Hairy  indigo 
(Indigofera  hirsuta)  was  planted  at  El  Capulin  during  the  latter 
part  of  1958  for  the  same  purpose. 

Additional  experiments  were  established  at  the  Los  Diamantes 
Station.  One  consisted  of  treatments  with  minor  elements  and  addi- 
tional quantities  of  phosphate  and  lime  applied  to  elephantgrass. 
Two  experiments  also  were  conducted  with  corn  (Zea  mays). 

The  design  for  the  nitrogen-phosphate-potash  experiments  with 
pasture  grasses  was  the  same  at  each  location.  Treatments  and 
nutrient  levels  were  established  according  to  the  scheme  shown  in 
Table  3.  Nitrogen  was  applied  as  urea  (45%  N)  except  where 
otherwise  noted,  phosphate  as  triple  superphosphate  (46%  P2O5) 
and  potash  as  muriate  of  potash  (60%  K2O).  Nutrient  levels  were 
changed  as  data  became  available  in  order  to  establish  better  ranges 
for  yield  response  curves.  The  eleven  treatments  were  arranged  in 
randomized  blocks  which  permitted  statistical  analysis  as  a  group 
or  separately  by  nutrients.  When  levels  of  any  of  the  three  nutrients 
were  varied,  levels  of  the  other  two  were  applied  at  the  highest 
quantity.   This  arrangement  reduced  treatment  numbers  and  per- 
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TABLE  3. — Basic  Nutrient  Application  for  Grass  Fertilization  Experiments 


Treatment 
Number 


Nutrients  Applied 


N 
kgs/ha 


P2O5 

kgs/ha 


K20 

kgs/ha 


1 

2 
3 
4 

5 
6 

7 

8 

9 

10 

11 


0 


90 


0 


90 


0 


0 

90 

90 

30 

90 

90 

60 

90 

90 

90 

0 

90 

90 

30 

90 

90 

60 

90 

90 

90 

0 

90 

90 

30 

90 

90 

60 

90 


mitted  more  extensive  study  of  forage  species  at  a  larger  number 
of  locations.  In  establishing  the  treatments  it  was  assumed  that 
sufficient  information  was  available  to  select  nutrient  levels  that 
were  high  enough  to  produce  approximately  maximum  yields  with- 
out producing  toxic  effects.  All  experimental  plots  were  mowed  and 
refertilized  at  appropriate  intervals.  All  forage  was  removed  from 
the  plots.  This  system  placed  an  excessive  stress  on  both  soil- 
supplied  and  applied  nutrients  compared  to  harvest  by  grazing 
where  an  average  of  about  80  per  cent  of  ingested,  inorganic  nutri- 
ents is  returned  to  the  soil  through  animal  excrement. 

Soil  samples  were  taken  from  the  experimental  areas  in  October, 
1958,  and  again  in  October  or  November,  1959.  One  sample  was 
taken  from  each  replication  of  each  experiment  in  1958.  The  analy- 
ses were  averaged.  Samples  were  taken  for  individual  treatments 
with  replications  combined  in  1959.  Soil  analyses  were  made  by  the 
STIC  A  Laboratory  under  the  direction  of  Francisco  Carvajal.  The 
extractant  for  nutrients  other  than  phosphorus  was  0.1N  sodium 
acetate.  Potassium  and  calcium  were  determined  from  this  ex- 
tract by  the  flame  photometer.  Phosphorus  was  extracted  with 
O.5NH2SO4.  Soil-solution  ratios  were  1  g.  to  5  ml.  for  the  basis  and 
1  g.  and  to  25  ml.  for  phosphorus. 

Plant  analyses  were  made  by  the  Animal  Nutrition  Laboratory 
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under  the  direction  of  Marco  Tulio  Ramirez.  Crude  protein  was 
determined  by  analyzing  plant  samples  for  nitrogen  by  the  Kjeldahl 
procedure  and  multiplying  the  percentage  nitrogen  by  6.25. 

Results 
Nitrogen  -  Phosphate  -  Potash  Experiments  with  Grasses 

El  Capulin  Station 

The  grasses  used  for  experimental  studies  were  selected  because 
of  their  availability  at  the  station  and  because  all  appeared  to  be 
adapted  to  the  area.  Jaraguagrass,  an  early  importation  from  Brazil, 
is  widely  used  throughout  the  Pacific  region  and  has  spread  natu- 
rally into  many  inaccessible  and  uncultivated  areas.  It  is  highly 
competitive  with  other  forage  plants.  Buffelgrass  was  introduced  to 
Costa  Rica  rather  recently;  it  seeds  prolifically  and  appears  to  be 
well  adapted  to  the  Pacific  climate.  Argentine  bahiagrass  is  an  im- 
ported selection.  It  is  well  adapted  to  the  area,  but  bahiagrasses, 
generally,  are  not  exceptionally  responsive  to  fertilization. 

Experimental  plots  were  established  in  October,  1958,  and  the 
first  harvests  made  in  December,  1958.  Refertilization  for  the  rainy 
season  was  done  in  April,  1959.  Rainfall  during  1959  was  limited 
during  May  and  the  first  harvest  was  not  made  until  July  1.  Nitro- 
gen was  not  applied  following  the  July  harvest  in  order  to  deter- 
mine its  residual  effect.  The  residual  effect  was  extremely  small; 
thereafter,  plots  were  fertilized  with  nitrogen  following  each  har- 
vest except  at  the  end  of  the  rainy  season. 

Plant  Response  to  Fertilization — Yields  of  jaraguagrass  in  1959 
were  increased  more  than  60  per  cent  by  nitrogen  fertilization 
(Fig.  la).  Small  yield  differences  were  recorded  in  August  because 
nitrogen  was  not  applied  following  the  July  harvest.  Flowering  of 
jaraguagrass  during  November  and  December  gave  increased  pro- 
duction from  the  check  treatment  and  reduced  yield  differences. 
The  relationship  of  forage  yields  to  nitrogen  was  linear  through 
the  second  increment.  The  yield  increase  for  the  third  increment 
was  negligible.  The  response  to  phosphate  was  relatively  large 
between  the  check  and  first  increment,  but  not  statistically  signifi- 
cant when  total  yields  were  analyzed  by  grasses.  However,  when 
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Figure  1 . — Response  of  jaragua,  buffel,  and  Argentine  bahiagrasses  to  nitrogen  fer- 
tilization at  the  El  Capulin  Experiment  Station:  la — oven-dry  forage  yields,  lb — 
percentage  of  forage  protein,  lc — protein  production  per  hectare,  and  Id — percent- 
age plant  recovery  of  nitrogen  from  fertilizer 
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data  from  all  grasses  were  combined  in  a  split  plot  analysis  with 
grasses  as  main  plots,  the  treatment  difference  was  highly  signifi- 
cant. No  response  was  obtained  for  potash  treatments. 

The  yield  responses  of  buffel  and  Argentine  bahia  to  fertilization 
were  similar  to  that  for  jaraguagrass.  The  yield  of  bahiagrass  with- 
out fertilizer  was  only  about  one-fifth  that  for  the  other  two  grasses 
and  with  the  highest  level  of  fertilization  was  less  than  the  lowest 
yield  for  jaragua  and  buffel.  The  percentage  yield  increase  was 
larger  for  bahiagrass  than  for  jaragua  and  buffel. 

The  average  percentage  of  protein  in  jaraguagrass  was  increased 
slightly  by  fertilization  but  there  was  essentially  no  change  for  buffel 
and  Argentine  bahia  (Fig.  lb).  Differences  in  protein  percentage 
of  jaraguagrass  were  noted  primarily  during  the  first  three  har- 
vests. There  were  no  differences  for  the  fourth  harvest  in  December, 
and  protein  percentages  were  relatively  low.  Low  percentages  in 
December  were  noted  also  for  buffel  and  Argentine  bahia  grasses 
and  were  apparently  caused  by  translocation  of  protein  from  the 
herbage  to  the  roots.  Total  protein  production  was  primarily  a 
function  of  forage  yield  (Fig.  lc).  It  was  doubled  for  jaragua 
and  buffel  at  the  highest  rate  of  fertilization  compared  to  the  check 
and  was  approximately  tripled  for  Argentine  bahiagrass.  However, 
maximum  protein  production  for  jaragua  and  buffel  was  approxi- 
mately 2,000  pounds  per  hectare  and  about  1,100  pounds  for 
Argentine  bahiagrass. 

The  percentage  recovery  of  applied  nitrogen  was  usually  low  for 
all  rates  of  application  and  particularly  so  at  the  December  harvest 
(Fig.  Id).  The  low  recovery  at  the  December  harvest  date  was  also 
noted  in  1958  and  is  another  indication  of  translocation. 

Soil  Analysis — Analyses  of  soil  from  the  jaraguagrass  experi- 
ment, as  an  example,  are  shown  in  Table  4.  There  were  no  treatment 
effects  on  pH  and  calcium.  Phosphate  was  lower  for  treatments  1 
and  5  which  did  not  receive  this  nutrient.  Extractable  potash  was 
less  for  most  treatments  in  1959  than  in  1958.  This  was  especially 
true  for  treatment  8  which  did  not  receive  potash.  Analysis  sug- 
gests that  jaraguagrass  may  be  a  heavier  user  of  potash  than  are 
buffel  and  Argentine  bahia. 
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TABLE  4. — Analysis  of  Soil  from  the  Jaraguagrass  Fertilization  Experiment, 

El  Capulin  Station 


Treatment 

Number       N 


Soil  Treatment 
P2O5     K20 


PH     O.M. 


Extractable  Nutrients*          Exchange 


P0O5   K20       Cc 


Mg      Capacity 


Kgs/ha.  %  Kgs/ha.  me/lOOgms 

Pre  fertilization  Samples   (October,  1958) 

—         —        5.9        —       46       434       3070       560 

Postfertilization  Samples    (October,  1959) 


Average  of 
3  samples    — 


1 
2 
3 
4 

5 
6 

7 

8 

9 

10 

11 


0 

0 

83 

166 

250 
250 
250 

250 
250 
250 


0 
190 
190 
190 

0 

63 
126 

190 
190 
190 


250       190 


0 
190 
190 
190 

190 
190 
190 

0 

63 

126 

190 


6.1       3.2 


31 

302 

53 

374 

65 

325 

45 

338 

23 

362 

31 

229 

43 

217 

41 

133 

45 

181 

45 

302 

2330       267 


11.7 


79       446 


*K20,  Ca,  and  Mg  extracted  by  N  H4OAc    (pH  4.8)  ;   P205  extracted  by  0.5 
N  H2SO4. 


El  Alto  Station 

The  three  grasses  selected  for  study  are  grown  extensively  on  the 
Central  Plateau  and  in  the  highlands.  Elephant  and  imperial  grasses 
are  used  primarily  as  green  chopped  feed  and  to  some  extent  as 
ensilage,  while  kikuyu  is  grazed  and  used  as  chopped  feed. 

Elephant  and  imperial  grass  plots  were  established  in  July,  1958. 
Growth  was  relatively  poor  and  they  were  finally  fertilized  just  prior 
to  the  end  of  the  rainy  season  in  November.  One  harvest  of  ele- 
phantgrass  was  made  in  December,  1958.  The  imperialgrass  was 
not  harvested  until  June,  1959.  The  kikuyugrass  area  was  infested 
with  weeds  and  had  a  poor  stand  of  grass.  2-4-D  treatments  were 
made  during  the  early  part  of  1959  and  the  plots  were  harvested 
for  the  first  time  in  September,  1959. 

Plant  Response  to  Fertilization — Forage  yields  of  elephantgrass 
were  relatively  large  without  fertilization  (Fig.  2a).  Ninety  kilo- 
grams of  nitrogen  per  hectare  in  three  equal  applications  during 
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Figure  2. — Responses  of  elephant,  imperial,  and  kikuyu  grasses  to  nitrogen  fertiliza- 
tion at  the  El  Alto  Experiment  Station:  la — oven-dry  forage  yields,  lb — percentage 
of  forage  protein,  lc — protein  production  per  hectare,  and  Id — percentage  plant 
recovery  of  nitrogen  from  fertilizer 
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the  year  increased  the  yield  from  29,000  pounds  of  oven-dry  for- 
age per  hectare  to  almost  40,000  pounds.  Applications  to  270  kilo- 
grams per  hectare  produced  little  additional  yield.  The  yield  of 
imperialgrass  from  the  check  treatment  was  only  9,400  pounds  oven- 
dry  matter  per  hectare.  Forage  yields  were  not  significantly  in- 
creased by  fertilization.  The  response  of  kikuyugrass  to  fertilization 
was  much  larger  than  for  elephant  and  imperial.  Without  nitrogen 
the  yield  was  only  3,400  pounds  oven-dry  matter  per  hectare,  and  it 
was  increased  to  21,600  by  nitrogen  fertilization.  The  increase  was 
approximately  sevenfold.  However,  the  first  harvest  was  not  made 
until  September  because  of  the  poor  stand  at  the  beginning  of  the 
year.  At  least  one  and  possibly  two  additional  harvests  could  be 
made  every  year  depending  on  rainfall  distribution  during  May  and 
June.  The  yield  could  have  been  in  excess  of  30,000  pounds  oven- 
dry  matter  per  hectare.  There  was  no  response  to  phosphate  and 
potash  during  the  first  year. 

Protein  concentrations  were  not  increased  in  elephant  and  im- 
perial grass  forage  by  nitrogen  fertilization  and  were  increased  only 
slightly  in  kikuyugrass  relative  to  the  increase  in  forage  production 
(Fig.  2b).  The  increase  for  kikuyugrass  was  from  10.8  to  13.0  per 
cent;  however,  the  grass  from  check  plots  was  extremely  chlorotic 
after  the  first  harvest  compared  to  a  dark  green  color  where  nitro- 
gen was  applied.  Lack  of  larger  differences  was  due  to  the  high 
percentage  of  leaf  material  in  the  short  forage  from  check  plots  and 
a  relatively  high  percentage  of  stems  in  forage  from  treated  plots. 

Total  protein  per  hectare  was  increased  much  more  for  kikuyu- 
grass than  for  elephant  and  imperial  by  fertilization  (Fig.  2c). 
Total  protein  per  hectare  from  unfertilized  kikuyugrass  was  369 
pounds  compared  to  1,647  and  675  pounds  from  unfertilized  ele- 
phant and  imperial,  respectively.  By  fertilization,  however,  the  total 
protein  per  hectare  from  kikuyugrass  was  increased  to  2,800 
pounds  compared  to  2,340  and  1,350  pounds  for  elephant  and 
imperial. 

The  percentage  of  recovery  of  applied  nitrogen  by  elephant  and 
imperial  grasses  was  extremely  low  and  relatively  high  for  kikuyu 
(Fig.  2d).  Approximately  22  per  cent  of  the  applied  nitrogen  was 
recovered  by  elephantgrass  from  the  90-kilogram  application  rate 
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and  only  19  per  cent  from  the  270-kilogram  rate.  These  values  are 
in  contrast  to  64  to  70  per  cent  obtained  by  Vicente-Chandler 
et  air  in  Puerto  Rico  with  approximately  the  same  frequency  of 
cutting  and  rates  of  nitrogen  applied  as  ammonium  sulfate.  The 
recovery  of  applied  nitrogen  by  imperialgrass  did  not  exceed  30 
per  cent  and  decreased  to  18  per  cent  with  increasing  rates  of 
nitrogen.  The  percentages  of  recovery  by  kikuyugrass  increased 
with  increasing  rates  of  nitrogen  and  were  57,  68,  and  74  for  appli- 
cation rates  of  80,  160,  and  240  kilograms  per  hectare,  respectively. 
Soil  Analysis. — There  was  relatively  little  change  in  the  soil  from 
1958  to  1959  as  a  result  of  treatments.  Extractable  phosphate  and 
potash  were  relatively  high  from  the  three  experimental  areas  and 
no  yield  response  was  obtained  from  these  nutrients.  Phosphate 
ranged  from  about  100  to  400  kilograms  per  hectare,  and  potash 
from  about  370  to  over  900.  The  exchange  capacities  of  these  soils 
were  from  26  to  29  milliequivalents  (me.)  per  100  grams,  and 
organic  matter  content  was  from  6  to  7  per  cent.  The  pH  ranged 
from  5.5  to  6.2  and  calcium  from  about  2,500  to  4,000  kilograms 
per  hectare. 

Los  Diamantes  Station 

The  land  used  for  pasture  experiments  was  cleared  of  trees  early 
in  xJbS.  It  was  thoroughly  disturbed  by  the  equipment  used  in 
removing  tree  trunks  and  surface  stones.  Corn  planted  immediately 
after  the  cleaning  operation  produced  a  small  yield  of  insufficient 
value  for  harvest.  The  same  land  planted  to  corn  by  cutting  the 
brush  and  vines  and  planting  in  the  resulting  debris  usually  pro- 
duces about  32  hundredweight  per  hectare. 

Grasses  were  planted  in  October  and  November  of  1958.  Their 
establishment  was  slow  and  weed  growth  was  limited.  None  of  the 
fertilizer  treatments  improved  the  rate  of  establishment.  Pangola- 
grass,  for  example,  which  was  planted  by  using  entire  plants  in 
approximately  meter  squares,  made  essentially  no  growth  during  the 
first  three  months.  Establishment  of  this  grass  in  Florida  would 
usually  be  completed  in  about  two  months  during  July  and  August. 
This  period  was  from  about  the  middle  of  November  until  the  mid- 
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die  of  February.  Thereafter,  growth  proceeded  in  a  normal  man- 
ner, and  the  first  harvest  was  made  on  April  14,  1959. 

Of  the  three  grasses  used  in  experiments  at  Los  Diamantes,  ele- 
phant and  guinea  are  quite  widely  used  by  farmers  in  this  region. 
Pangolagrass  was  introduced  recently  from  Florida  and  is  suffi- 
ciently well  adapted  that  its  use  is  spreading. 

Plant  Response  to  Fertilization. — Forage  yields  of  elephantgrass 
were  relatively  high  at  all  harvests  although  there  was  some  decline 
from  the  check  treatment  as  the  experiment  progressed.  The  in- 
crease in  yield  from  nitrogen  fertilization  was  almost  30,000  pounds 
oven-dry  material  per  hectare,  but  most  of  it  resulted  from  the  third 
increment    ( Fig.   3a ) .   An   observation   of  interest  was  that  green 
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weight  yields  declined  with  consecutive  harvests  while  percentages 
of  dry  matter  increased.  Field  forage  samples  from  the  six  harvests, 
in  order,  had  12.7,  10.5,  11.7,  19.2,  15.0,  and  22.7  per  cent  dry 
matter.  It  is  not  known  whether  these  differences  represented  a  sea- 
sonal effect.  Yield  differences  from  common  guineagrass  were  small 
as  a  result  of  differential  treatments  with  nitrogen.  This  selection 
died  as  an  apparent  result  of  close  cutting;  it  was  replaced  by  an 
African  selection — Sabi. 

Pangolagrass  was  initially  harvested  at  30-day  intervals  and  later 
at  40-day  intervals.  Eleven  harvests,  representing  about  13  months 
of  production,  were  included  in  the  data.  Yield  data  for  the  first  two 
harvests  were  not  significantly  different.  Thereafter,  yield  differ- 
ences due  to  nitrogen  fertilization  were  highly  significant,  and  the 
F  ratios  generally  increased  with  each  harvest.  Exceptions  were  the 
July  harvest,  which  had  not  been  fertilized  following  the  June  har- 
vest, and  the  November,  December,  and  March  harvests,  when 
attacks  of  chinch  bugs  did  serious  damage  to  some  of  the  plots.  The 
yield  increase  between  the  check  and  the  highest  treatment  was  al- 
most threefold.  The  first  three  harvests  from  the  check  treatment, 
however,  produced  more  than  half  the  yield  for  the  year.  The  soil 
had  been  in  cultivation  only  a  short  time  when  the  pastures  were 
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Figure  3. — Responses  of  elephant  and  pangolagrasses  to  nitrogen  fertilization  at  the 
Los  Diamantes  Experiment  Station:  la — -oven-dry  forage  yields,  lb — percentage  of 
forage  protein,  lc — protein  production  per  hectare,  and  Id — percentage  plant  recov- 
ery of  nitrogen  from  fertilizer 


established,  and  no  nitrogen  had  been  removed  except  through  the 
organic  matter  in  tree  trunks  and  other  debris  in  the  clearing  oper- 
ation. When  grass  forage  with  relatively  high  nitrogen  content  was 
removed,  yields  declined  rapidly.  After  the  fifth  harvest,  yields 
from  the  check  treatment  increased  slightly,  probably  due  to  the 
longer  harvest  interval. 
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None  of  the  grasses  gave  statistically  significant  yield  differences 
as  a  result  of  phosphate  or  potash  fertilization.  However,  yields  had 
begun  to  decline  where  potash  was  not  applied. 

The  percentages  of  protein  were  almost  twice  as  high  for  pangola- 
grass  as  for  elephantgrass  (Fig.  3b).  Average  protein  concentra- 
tions were  increased  only  slightly  by  fertilization,  but  lack  of 
increase  was  due  partially  to  uniform  protein  concentrations  during 
the  first  few  harvests.  For  pangolagrass,  differences  were  also 
minimized  by  the  growth  habit  of  the  grass  in  Costa  Rica.  Little 
flowering  occurred  even  after  several  months.  Very  short  forage 
from  check  treatments,  even  though  extremely  chlorotic,  consisted 
primarily  of  leaf  tissue,  while  fertilized  forage,  being  taller,  had  a 
much  higher  proportion  of  stems.  In  Florida,  pangolagrass  flowers 
profusely  whether  fertilized  or  not,  and  the  dilution  from  flower- 
ing frequently  results  in  much  lower  protein  concentrations  than 
the  average  minimum  of  more  than  10  per  cent  found  in  Costa 
Rica.  For  example,  in  a  study  by  Wallace  et  al.,s  an  annual  appli- 
cation of  30  pounds  of  nitrogen  per  acre  resulted  in  protein  concen- 
trations of  only  about  5.5  per  cent.  The  clipping  interval  was 
approximately  the  same  as  that  used  in  these  studies. 

The  quantity  of  protein  produced  per  hectare,  except  for  the 
treatment  without  nitrogen,  was  larger  for  pangola  than  for  ele- 
phantgrass (Fig.  3c).  The  protein  production  per  hectare  of  pan- 
golagrass was  increased  more  than  three  and  one-half  times  by 
nitrogen  fertilization.  The  largest  increase  occurred  for  the  first 
increment  in  the  same  manner  as  for  forage  yields.  More  than  60 
per  cent  of  the  total  protein  from  the  check  treatment  was  pro- 
duced during  the  first  three  harvests. 

Nitrogen  recovery  was  very  high  for  pangola  in  contrast  to  ele- 
phantgrass (Fig.  3d).  Recovery  percentages  for  the  first  increment 
of  nitrogen  were  frequently  in  excess  of  100,  which  indicated  that 
the  nitrogen  and/or  other  applied  nutrients  stimulated  decomposi- 
tion of  soil  organic  matter  and  that  soil  nitrogen  was  released  in 
excess  of  that  released  from  the  check  treatment.  Percentage- 
recovery  by  pangolagrass  decreased  with  increasing  rates  of  applied 
nitrogen.  Recovery  by  elephantgrass  for  the  first  increment  of  nitro- 
gen was  only  about  10  per  cent;  it  increased  with  increasing  rates 
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of  applied  nitrogen  but  in  all  cases  was  extremely  low.  Unless  tech- 
niques can  be  found  to  increase  appreciably  the  efficiency  of  nitro- 
gen utilization,  fertilization  of  elephantgrass  will  not  be  economical. 

Soil  Analysis.  —  Analyses  of  soil  samples  taken  from  the 
nitrogen-phosphate-potash  experiments  in  October,  1958,  and  No- 
vember, 1959  (Table  5)  show  that  pH,  and  extractable  calcium, 
phosphate,  and  potash  of  the  virgin  soil  were  relatively  high. 
Changes  in  phosphate  from  1958  to  1959  were  relatively  small, 
though  quantities  were  somewhat  smaller  in  1959  where  phosphate 
was  not  applied  than  where  it  was  used.  Extractable  potash  was 
drastically  reduced  by  forage  removal  during  the  year.  For  ele- 
phantgrass the  potash  content  was  reduced  from  450  kilograms  per 
hectare  to  less  than  100  in  most  cases.  For  pangolagrass,  differ- 
ences due  to  treatment  were  even  more  pronounced  than  for  ele- 
phantgrass. Quantities  where  potash  was  not  applied  were  slightly 
higher  than  for  elephantgrass  but  were  below  100  kilograms  per 
hectare.  When  potash  was  applied,  extractable  potash  was 
considerably  higher  than  for  elephantgrass.  It  is  interesting  that  for 
treatments  2  and  3,  which  received  none  or  only  one  increment  of 
nitrogen  but  the  highest  rate  of  potash,  the  potash  content  was 
actually  higher  than  in  1958  at  the  beginning  of  the  experiment. 
Yields  of  pangolagrass  were  very  low  for  treatment  2  and  interme- 
diate for  treatment  3;  but  for  elephantgrass,  yields  were  relatively 
high  for  both  treatments.  The  yield  differences  between  the  two 
grasses  suggest  an  explanation  for  differences  in  soil  potash  con- 
tents of  the  two  experimental  areas.  The  increase  in  soil  potash  in 
treatment  2  of  the  pangolagrass  experiment  where  nitrogen  was 
omitted  and  potash  was  applied  at  the  highest  rate  indicates  that 
potash  is  retained  very  efficiently  against  leaching.  There  was 
relatively  little  change  in  the  organic  matter  content  during  the 
year. 

Phosphate  and  Minor  Element  Studies  with  Elephant  and  Pan- 
gola  Grasses. — The  initial  difficulty  with  establishment  of  grasses  at 
Los  Diamantes  suggested  the  possibility  of  a  minor  element  or 
phosphate  deficiency  due  to  removal  and  mixing  of  the  organic  cap 
with  the  mineral  portion  of  the  soil.  An  experiment  having  treat- 
ments of  minor  and  secondary  elements  and  extra  quantities  of 
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TABLE  5. — Analysis  of  Soil  from  Nitrogen-Phosphate-Potash   Experiments 

LOS   DlAMANTES    STATION 

Treatment      Soil  Treatment  Extractable  Nutrients*         Exchange 

Number        N        P205     K20       P  '     '    P205    K20        Ca         Mg       Capacity 


Kgs/ha 


Kgs/ha. 


Average  of 
3  samples       0 


% 
--- Elephantgrass 

Prefertilization  Samples   (October,  1958) 

0  0       5.7       6.8      623      454       2807 

Postfertilization  Samples   (November,  1959) 


me/lOOgms 


270 


0 


0 


5.8       6.9      458        97       2830       273 


2 

0 

199 

199 

3 

176 

199 

199 

4 

352 

199 

199 

5 

529 

0 

199 

6 

529 

66 

199 

7 

529 

132 

199 

8 

529 

199 

0 

9 

529 

199 

66 

10 

529 

199 

132 

453 

145 

389 

85 

382 

121 

330 

61 

270 

61 

316 

73 

353 

121 

398 

61 

346 

61 

11 


529       199 


199 


360 


61 


25.0 


Prefertilization  Samples   (October,  1958) 


Average  of 
3  samples       0 


0 


0 


5.7       8.1      320      326       3200       449 
-- Pangolagrass 

Postfertilization  Samples    (November,  1959) 


0 


0 


5.9       8.4      172      205       3200       301 


2 

0 

259 

259 

3 

181 

259 

259 

4 

362 

259 

259 

5 

544 

0 

259 

6 

544 

86 

259 

7 

544 

172 

259 

8 

544 

259 

0 

9 

544 

259 

86 

0 

544 

259 

172 

305 

530 

318 

410 

261 

217 

213 

205 

211 

169 

272 

193 

328 

97 

272 

97 

296 

145 

11 


544       259       259 


348       181 


27.7 


*K20,  Ca,  and  Mg  extracted  by  N  H4OAc    (pH  4.8)  ;   P205  extracted  by  0.5 
N  H2S04. 
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phosphate,  manure,  and  lime  was  established  with  elephantgrass. 
Treatments  lacking  sulfur  consistently  produced  slightly  lower 
yields.  Sulfur  deficiency  appears  to  be  a  potential  factor  and  will 
warrant  close  observation.  The  magnitude  of  the  yield  difference 
due  to  sulfur  was  not  sufficient  to  have  been  responsible  for  the 
limited  response  to  applied  nutrients  obtained  in  the  nitrogen  - 
phosphate  -  potash  experiments.  However,  the  amount  of  nitrogen 
assimilated  by  the  grass  could  have  been  limited  by  lack  of  sulfur 
and  could  have  reduced  the  total  nitrogen  absorbed  without  materi- 
ally affecting  forage  yields.  Copper,  which  is  frequently  too  defi- 
cient in  Florida  soils  for  establishment  of  pangolagrass,  was 
applied  to  both  pangola  and  elephant  grasses  with  no  beneficial 
effect. 

An  additional  experiment  with  pangola  and  elephant  grasses 
planted  in  rows  with  phosphate  applied  at  90  kilograms  per  hectare 
in  bands  on  the  surface  and  3  to  4  inches  below  the  surface  gave 
much  more  rapid  development  than  where  phosphate  was  omitted 
(Table  6).  The  land  used  for  this  study  was  cleared  in  July,  1959. 
The  original  planting  was  made  on  September  16,  1959,  and  har- 
vested December  21,  1959.  The  second  planting  was  made  on 
February  9,  1960,  and  harvested  April  25,  1960.  Response  to  phos- 
phate was  very  good  for  both  plantings.  The  growth  rate  was  con- 
siderably more  rapid  for  the  second  planting.  Both  surface  and 
subsurface  applications  were  effective. 

TABLE   6. — Yields    of    Green    Elephant    and    Pangolagrass   Forages    Grown 
with  Various  Phosphate  Treatments  (Tons/ha) 


Dates  Planted  and 

Harvested 

Phosphate 
Fertilization* 

Planted 
Harvested 

9/16/59          2/9/60 
12/21/59          4/25/60 

9/16/59         2/9/60 
12/21/59         4/25/60 

1  None 

2  90  kgs/ha 

3  90  kgs/ha 

Elephantgrass 
22.5                 54.5 
34.5                 81.0 
41.5                 93.0 

Pangolagrass 
0.51                 8.47 
1.43                14.31 
1.94               12.78 

*For  treatment  2  phosphate  was  applied  in  a  band  on  the  soil  surface  and  for 
treatment  3  in  a  band  about  3  to  4  inches  below  the  surface.  All  treatments 
received  the  same  amounts  of  nitrogen  and  potash. 

In   the   original  experiments,  phosphate  was  applied  broadcast 
and  the  initial  application  was  at  maximum  only  40  kilograms  per 


Response  of  ele- 
phantgrass  to  phos- 
phate fertilization  at 
Los  Diamantes  about 
6  weeks  after  plant- 
ing. Center  row  was 
without  phosphate 
fertilization 


hectare.  Subsequent  harvests  of  these  grasses  have  shown  only  slight 
response  to  broadcast-applied  phosphate  even  though  a  maximum 
application  of  more  than  300  kilograms  per  hectare  was  applied 
to  elephantgrass  and  more  than  400  kilograms  was  applied  to  pan- 
golagrass.  However,  these  rates  are  relatively  low  compared  to  the 
effective  concentration  of  phosphate  applied  at  90  kilograms  per 
hectare  in  bands.  The  bands  were  3  inches  wide  but  one  meter 
apart.  Therefore,  the  effective  application  was  near  1,200  kilograms 
per  hectare.  If  phosphate  at  this  concentration  is  required,  as  the 
data  suggest,  its  application  in  bands  along  rows  will  give  rapid 
establishment  at  relatively  low  cost. 

The  eventual  rapid  establishment  of  these  grasses  with  low  rates 
of  phosphate,  and  lack  of  response  to  phosphate  during  the  year 
in  the  major  nitrogen  -  phosphate  -  potash  experiments  with  data 
from  the  supplemental  experiment  with  banded  phosphate  applica- 
tions, continue  to  pose  the  problem  of  the  exact  place  of  phosphate 
in  the  fertilization  program.  It  would  appear  that  phosphate  was 
sufficiently  available  in  the  soil  below  the  6-inch  depth  for  plant 
growth,  and  when  roots  penetrated  to  this  depth,  plant  growth  pro- 
ceeded at  a  normal  rate. 
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Supplemental  Forage  for  the  Dry  Season  in  the  Pacific  Region 

The  Pacific  region  of  Costa  Rica  has  a  very  severe  dry  season  of 
about  six  months'  duration,  as  do  many  other  countries  in  Central 
and  South  America.  It  usually  extends  from  the  latter  part  of  No- 
vember through  the  first  part  of  May.  High  temperatures  and  the 
absence  of  rainfall  (see  Tables  1  and  2)  completely  stop  vegeta- 
tive growth.  Lack  of  forage  production,  and  burning,  both  deliber- 
ate and  accidental,  seriously  limit  cattle  feed  during  the  dry  season. 

The  current  system  of  dry-season  feeding  is  that  of  "deferred 
grazing."  Forage,  particularly  jaraguagrass,  is  allowed  to  accumu- 
late during  the  latter  part  of  the  rainy  season  and  is  saved  in  the 
field  for  grazing.  After  flowering  in  November  and  December,  the 
forage  is  coarse,  unpalatable,  and  of  very  low  protein  content. 
Analyses  of  grass  forage  from  El  Capulin  Experiment  Station  for 
several  years  have  shown  that  protein  contents  on  the  dry  weight 
basis  (50°C)  usually  decline  to  about  1.5  per  cent  during  the  dry 
season. 

Experiments  were  initiated  in  October,  1958,  to  determine  the 
effect  of  rates  and  time  of  fertilization  on  forage  yields  and  quality, 
and  the  effect  of  the  dry  season  on  the  quality  of  forage  left  stand- 
ing in  the  field. 

Relatively  large  fields  of  jaragua,  buffel,  and  Argentine  bahia 
grasses  were  used  for  one  study.  The  grasses  were  mowed  with  a 
rotary  mower  before  fertilization  on  October  1,  October  20,  and 
November  10.  One  field  was  mowed  on  October  1  and  was  not 
fertilized.  Fertilization  consisted  of  55  kilograms  of  nitrogen  as 
urea  per  hectare  with  phosphate  and  potash  to  give  a  2-1-1  ratio. 
Forage  samples  were  taken  from  these  fields  on  December  18, 
1958.  Fertilizer  applied  on  October  1  resulted  in  larger  forage  yields 
than  where  it  was  omitted.  Forage  yields  decreased  as  fertilization 
was  delayed  through  November  10.  This  was  due  to  a  shorter  period 
of  time  when  soil  moisture  was  adequate  for  plant  growth.  Protein 
concentrations  were  lower  than  expected,  but  there  was  some  in- 
crease as  fertilization  was  delayed.  Total  protein  per  hectare  was 
only  slightly  affected  by  dates  of  fertilization  because  reduced  for- 
age yields  with  delayed  fertilization  were  counteracted  by  increased 
protein  concentrations. 
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Other  plots  of  each  of  these  grasses  were  fertilized  on  October  8, 
1958,  for  the  purpose  of  securing  samples  for  yield  and  chemical 
analysis  as  the  dry  season  progressed.  Four  fertilization  treatments 
were  used:  0,  14,  28,  and  42  kilograms  nitrogen  as  urea  per  hec- 
tare. Portions  of  each  plot  were  harvested  on  December  18,  1958, 
January  27,  1959,  and  March  11,  1959,  to  obtain  forage  samples. 
For  the  December  18  sampling,  yields  usually  increased  through 
the  28-kilogram  per  hectare  rate  (Table  7).  The  yield  increase  for 
Argentine  bahiagrass  was  about  100  per  cent;  for  jaraguagrass,  50 
per  cent;  and  essentially  nothing  for  buffelgrass.  Protein  concen- 
trations were  extremely  low  for  all  grasses  at  all  rates  of  fertiliza- 
tion. Total  protein  per  hectare  in  the  forage  was  increased 
considerably  for  jaragua  and  Argentine  bahia  grasses.  The  percent- 
age recovery  of  applied  nitrogen  was  usually  not  more  than  30  to 
40  per  cent. 

Subsequent  harvests  on  January  26  and  March  11,  1959,  showed 
little  change  in  yields  of  forage  with  the  exception  of  the  January 
harvest  of  jaraguagrass.  Protein  concentrations  in  the  forage  were 
reduced  greatly  from  December  18  to  January  26,  and  there  vvas  a 
further  slight  decline  through  March  11.  Average  protein  percent- 
ages for  jaraguagrass,  for  example,  were  3.26,  1.50,  and  1.42  for 
the  three  dates,  respectively.  Protein  production  per  hectare  was 
reduced  proportionately.  The  decline  in  protein  contained  in  the 
jaraguagrass  forage  was  184,  238,  291,  and  289  pounds  per  hectare. 
Since  there  was  no  rain  that  might  have  leached  protein  from  the 
forage  and  no  appreciable  loss  of  leaves  from  the  plants,  its  trans- 
location from  the  herbage  to  the  roots  was  indicated.  Subsequent 
search  of  the  literature  gave  reference  to  such  translocation  with 
maturity  and  onset  of  unfavorable  growth  conditions.4 

A  more  detailed  experiment  with  jaraguagrass  was  initiated  in 
October,  1959,  to  clarify  results  obtained  in  1958.  Fertilizer  was 
applied  on  two  dates — October  5  and  October  23.  Three  sources 
of  nitrogen — urea,  sodium  nitrate,  and  ammonium  nitrate — and 
four  levels  were  used.  The  levels  were  0,  40,  80,  and  120  kilograms 
per  hectare  applied  in  2-1-1  ratios  with  phosphate  and  potash.  The 
forage  was  harvested  at  approximately  two-week  intervals  through 
January  12,  by  cutting  1-meter  swaths  at  each  date  through  6-meter- 
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tilized with  80  kilo- 
grams of  nitrogen 
per  hectare 


square  plots.  Forage  yields,  percentage  protein,  and  total  protein 
per  hectare  as  influenced  by  dates  of  harvest  are  presented  graphi- 
cally for  ease  of  interpretation.  Data  for  the  three  nitrogen  sources 
were  averaged  because  there  were  no  statistically  significant  differ- 
ences among  them.  The  120-kilogram  rate  of  nitrogen  was  not  sta- 
tistically better  than  the  80-kilogram  rate  and  was  omitted  from 
the  graphs  to  simplify  observation  of  the  data. 

Jaraguagrass,  which  was  fertilized  on  October  5,  produced  about 
3.3,  4.7,  and  5.0  tons  of  hay  for  the  0,  40,  and  80  kilogram  rates 
of  nitrogen,  respectively,  when  harvested  on  November  25  (Fig. 
4).  Yields  had  increased  by  approximately  2  tons  per  hectare  for 
each  treatment  by  December  14. 

Grass  fertilized  on  October  23  produced  only  1.2,  2.2,  and  3.7 
tons  of  hay  per  hectare  by  November  25  for  the  three  rates  of 
fertilization.  Yields  increased  at  a  relatively  rapid  rate  through  De- 
cember 14  with  the  exception  of  the  unfertilized  treatment.  The 
yield  increase  for  the  check  treatment  was  relatively  rapid  after 
December  14,  due  apparently  to  delayed  flowering. 
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Figure  4. — The  production  of  jaraguagrass  hay    (15%    moisture)    with  dates  of  harvest 
as  shown  by  dates  of  initial  mowing  and  fertilization  and  rates  of  nitrogen  fertilization 


The  percentages  of  protein  for  the  October  5  fertilization  were 
approximately  6  per  cent  on  November  25  for  all  rates  of  fertiliza- 
tion (Fig.  5).  The  reduction  in  protein  concentration  after  Novem- 
ber 25  occurred  at  a  steady  rate  and  by  January  12  had  declined 
to  about  2.5  per  cent.  Lower  concentrations  for  January  26  and 
March  11  were  from  the  1958-59  study,  but  analyses  from  previous 
years  have  shown  that  concentrations  of  1.5  per  cent  are  usual  for 
those  dates.  The  decline  in  protein  percentage  was  approximately 
50  per  cent  by  January  12.  If  the  protein  percentage  for  January 
26,  1959,  had  been  used,  the  loss  would  have  been  about  75  per 
cent  at  the  highest  rate  of  fertilization. 
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Protein  concentrations  from  the  October  23  fertilization  varied 
from  7.3  to  8.6  per  cent  on  November  25;  on  January  12  concen- 
trations were  approximately  3  per  cent  for  all  treatments.  The  de- 
cline in  protein  percentage  was  approximately  60  per  cent  by 
January  12. 

Protein  production  per  hectare  ( Fig.  6 )  reflected  changes  in 
yields  and  protein  concentrations.  For  treatments  made  on  October 
5,  yields  increased  between  November  25  and  December  14,  while 
the  protein  decreased.  Total  protein  per  hectare  decreased  only 
slightly  during  the  interval,  indicating  that  most  of  the  decline  in 
protein  concentration  was  due  to  dilution  by  the  relatively  rapid 
increase  in  weight  caused  by  flowering  of  the  grass.  After  Decem- 
ber 14  yields  were  essentially  the  same.  With  the  continued  decline 
in  protein  concentrations,  total  protein  decreased  rapidly. 

Treatments  made  on  October  23  gave  slightly  different  results 
from  those  of  the  October  5  fertilization.  The  relatively  rapid  yield 
increase  of  the  40-  and  80-kilogram  treatments,  even  with  the  de- 
cline in  protein  concentration,  gave  an  increase  in  total  protein 
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Figure  6. — Changes  in  protein  produced  in  jaraguagrass  hay  (15%  moisture)  with 
dates  of  harvest  as  shown  by  dates  of  initial  mowing  and  fertilization  and  rates  of 
nitrogen  fertilization 


production  through  December  14.  The  yield  increase  for  the  check 
treatment  was  less  pronounced  so  that  the  quantity  of  protein  was 
approximately  the  same  for  this  treatment.  After  December  14 
yield  increases  were  small,  and  with  the  rapid  decline  in  protein 
concentration  total  protein  decreased  more  rapidly  than  for  treat- 
ments made  on  October  5.  Yields  were  relatively  low  for  the  check 
treatment  throughout  the  study.  However,  late  flowering  resulted  in 
a  continuous  increase  in  yield,  and  the  quantity  of  protein  was 
maintained  for  a  longer  period  than  for  the  40-  and  80-kilogram 
treatments.  Total  protein  production  for  the  check  treatment  was 
low  for  all  harvest  dates. 

Percentage  plant  recovery  of  fertilizer  nitrogen  from  the  October 
5  fertilization  was  approximately  30  per  cent.  This  value  was  similar 
to  that  from  1958.  Percentage  recovery  from  the  October  23  ferti- 
lization ranged  from  50  to  60.  The  difference  resulted  primarily 
from  larger  uptake  of  soil  nitrogen  at  the  earlier  fertilization. 
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The  decline  in  percentage  crude  protein  with  the  onset  of  matura- 
tion and  drought  conditions  is  probably  accompanied  by  reduced 
digestibility  of  the  remaining  protein.  According  to  Glover,  Duthie, 
and  French,5  the  digestibility  coefficient  of  forage  protein  is  directly 
related  to  the  percentage  of  crude  protein.  Their  question,  y  =  70 
log  x  -  15,  where  y  is  the  digestibility  coefficient  and  x  is  the 
percentage  crude  protein,  showed  a  highly  significant  relationship 
between  the  digestibility  coefficient  and  crude  protein  percentage 
for  data  from  more  than  1,000  trials  from  tropical  and  temperate 
climates.  Application  of  this  formula  gives  40  to  50  per  cent  diges- 
tibility of  protein  in  forage  harvested  on  November  25  and  less 
than  10  per  cent  for  that  in  forage  harvested  in  January.  Applying 
these  percentages  to  the  data  would  give  about  350  and  400  pounds 
of  digestible  protein  per  hectare  in  the  November  through  Decem- 
ber 14  harvests  and  as  little  as  20  pounds  if  January  26  data  were 
used. 

Legumes 

Studies  with  legumes  were  limited.  The  clover-grass  experiments 
at  El  Alto  did  not  establish  sufficiently  to  provide  data,  primarily 
because  of  low  rainfall  at  the  station.  The  true  clovers  and  other 
legumes  have  been  grown  with  considerable  success  in  the  highland 
area. 

Hairy  indigo  was  grown  at  El  Capulin  for  supplemental  forage 
for  the  dry  season.  It  was  broadcast  seeded  at  about  40  pounds 
per  hectare  on  October  3,  1958,  and  harvested  for  hay  on  Decem- 
ber 3,  1958.  The  indigo  was  in  flower  and  had  attained  a  height  of 
about  50  to  60  centimeters  by  December  3.  The  hay  yield  was  very 
good  and  this  type  of  forage  usually  contains  more  than  20  per  cent 
protein  on  a  dry  weight  basis.6  The  hay  was  of  good  appearance 
and  was  consumed  readily  by  cattle.  This  practice  offers  good  pos- 
sibility in  the  Pacific  zone  for  supplemental  forage. 

The  large  response  of  grasses  to  nitrogen  fertilization  at  all  loca- 
tions emphasized  the  need  for  investigation  of  legumes  planted  in 
pure  stands  or  in  combination  with  grasses  for  grazing  or  for  hay 
to  provide  more  economical  forage  production  by  reducing  the 
need  for  nitrogen.  The  limited  response  of  grasses  to  phosphate  and 


Corn  in  foreground 
was  unfertilized, 
that  in  background 
was  fertilized  with 
1  60  kilograms  of 
nitrogen,  phosphate, 
and  potash  per  hec- 
tare. Yield  of  grain 
was  22.5  hundred- 
weight per  hectare 
from  unfertilized 
plot  and  87.0  from 
one  which  received 
fertilizer 


potash  and  the  relatively  high  pH  of  most  of  the  soils  indicate  that 
well-adapted  legumes  may  be  grown  satisfactorily. 

Corn  Fertilization  Experiments,  Los  Diamantes  Station 

Corn  planted  on  machine-cleared  land  without  fertilization  pro- 
duced very  low  yields.  The  primary  objective  of  the  initial  experi- 
ment was  to  determine  if  satisfactory  corn  yields  could  be  produced 
with  mechanized  conditions  in  the  wet  Atlantic  lowlands.  Eight 
treatments  were  used  in  the  main  experiment.  Nitrogen,  phosphate, 
and  potash  were  applied  in  a  1-1-1  ratio  at  rates  from  0  to  320 
kilograms  per  hectare  in  80-kilogram  increments.  All  of  the  phos- 
phate and  one-half  of  the  nitrogen  and  potash  were  applied  at 
planting  time  in  bands  below  the  seed.  The  remainder  of  the  nitro- 
gen and  potash  was  applied  as  a  sidedressing  when  the  corn  was 
knee-high.  Minor  elements,  extra  broadcast-applied  phosphate,  and 
lime  were  also  used  in  other  treatments  with  the  240-kilogram  rate 
of  the  major  nutrients.  Open-pollinated  corn,  selection  1-451,  was 
used.  Native,  open-pollinated  corn  was  planted  in  extra  plots.  One- 
meter  rows  with  24-  and  35-centimeter  in-row  spacings  were  em- 
ployed. 
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Close  spacing  without  fertilization  produced  the  lowest  yields 
and  with  fertilization  the  highest  yields  (Table  8).  Yields  were 
increased  significantly  by  fertilization  with  the  major  plant  nutri- 
ents. The  yield  increase  for  the  24-cm  spacing  was  52.1  cwt.  per 
hectare  for  the  first  80-kg.  increment  of  the  three  major  nutrients 
and  only  12.4  cwt.  for  the  second  increment.  There  was  no  response 

TABLE  8. — Hundredweight   Per   Hectare   of   Corn   Grain  with   12  Per  Cent 

Moisture* 


Fertilize 

t  Treatments! 

Corn 

Kil( 

)gram, 

/Ha. 

Varieties} 

Spacing  in  Rows 
35  cm. 

One 

Meter  Apart. 

N 

P2O.-, 

KoO 

24  cm. 

0 

0 

0 

1-451 

28.4 

22.5 

80 

80 

80 

»» 

60.0 

74.6 

160 

160 

160 

»> 

71.5 

87.0 

240 

240 

240 

»» 

66.9 

87.3 

320 

320 

320 

?? 

71.0 

85.7 

0 

0 

0 

Criollo 

33.2 

25.1 

240 

240 

240 

>? 

86.7 

97.4 

*Yield  data  are  averages  of  four  replications. 

tOne-half  of  the  nitrogen  and  potash  was  applied  at  planting  time  and  one-half 
as  sidedressing  when  the  corn  was  knee  high.  All  phosphate  was  applied  at  plant- 
ing time.  Other  treatments  employing  extra  phosphate,  lime,  and  minor  elements 
with  the  240-kilogram  rates  gave  no  additional  yield. 

$1-451  is  an  open-pollinated  selection  and  Criollo  is  the  corn  commonly  grown 
in  the  Atlantic  Zone. 

to  minor  elements,  extra  phosphate,  or  lime.  Selection  1-451  was 
heavily  infested  by  H elminthosporium,  which  caused  prematurity. 

A  more  complete,  long-term  experiment  was  initiated  in  August, 
1959,  and  the  above  data  were  used  in  its  planning.7 
Summary  and  Conclusions 

Fertilization  experiments  were  conducted  in  the  three  major 
physiographic  regions  of  Costa  Rica — the  alternately  wet  and  dry 
Pacific  lowlands,  the  Central  Plateau,  and  the  humid  Atlantic  low- 
lands. Three  grasses  were  used  at  each  location.  The  major  portion 
of  the  studies  consisted  of  experiments  with  the  three  major  plant 
nutrients — nitrogen,  phosphate,  and  potash.  Other  studies  were  of 
fertilizer  response  and  changes  in  protein  levels  of  grasses  in  the 
Pacific  lowland  area  and  of  legumes  and  corn  fertilization  in  the 
Atlantic  lowlands. 

At  the  El  Capulin  Station  in  the  Pacific  zone,  linear  yield  re- 
sponse of  jaraguagrass  was  obtained  to  60  kilograms  of  nitrogen 
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applied  after  each  harvest.  The  yield  increase  above  this  level  was 
small.  Excellent  yield  response  was  also  obtained  to  the  30-kilogram 
per  hectare  rate  of  phosphate  for  each  of  the  three  grasses.  Extract- 
able  soil  phosphate  was  relatively  low.  No  response  was  obtained 
to  potash  but  the  decline  in  extractable  potash  during  1959  indi- 
cated an  early  response  to  potash. 

At  the  El  Alto  Station  on  the  Central  Plateau  satisfactory  re- 
sponse to  fertilization  was  obtained  during  the  first  year  only  from 
kikuyugrass.  Yields  of  elephantgrass  were  relatively  high  but  the 
increase  from  fertilization  was  small.  Imperialgrass  produced  very 
low  yields  with  no  statistical  significance  for  treatments.  The  per- 
centage of  protein  in  both  grasses  was  low.  Kikuyugrass,  in  con- 
trast, produced  a  low  yield  without  fertilization,  but  yields  increased 
linearly  through  the  highest  rate  of  fertilization.  No  response  was 
obtained  to  phosphate  or  potash,  and  soil  analyses  indicated  a  large 
supply  of  these  nutrients. 

In  the  Atlantic  zone  considerable  difficulty  was  experienced  in 
establishing  pastures  on  newly  cleared  and  mechanized  land.  After 
the  grasses  had  been  planted  for  several  months  with  no  growth, 
development  proceeded  at  a  normal  rate.  Phosphate  studies  showed 
normal  establishment  of  grasses  on  newly  mechanized  land  when 
phosphate  was  banded  along  rows  of  grass  in  contrast  to  poor 
growth  where  it  was  omitted.  No  response  was  obtained  to  copper, 
deficiencies  of  which  have  been  shown  to  prevent  grass  establish- 
ment. Some  response  was  obtained  to  sulfur.  Elephantgrass  pro- 
duced high  yields,  but  response  to  fertilization  was  relatively  low. 
Without  nitrogen,  yields  declined  considerably  as  the  experiment 
progressed.  The  recovery  of  applied  nitrogen  was  very  low. 

Guineagrass  also  responded  poorly  to  fertilization  and  died  after 
four  harvests.  Close  cutting  was  apparently  responsible.  The  area 
was  replanted  with  an  African  guinea  selection,  Sabi,  for  which  no 
data  were  reported. 

Pangolagrass  responded  very  satisfactorily  to  fertilization.  Yield 
response  to  the  first  30-kilogram  increment  of  nitrogen  was  excel- 
lent, and  essentially  all  of  the  applied  nitrogen  was  recovered  in 
the  forage.  The  yield  increase  for  the  second  increment  declined 
considerably  and  was  relatively  low  for  the  third  increment.  Nitro- 
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gen  recovery  declined  with  increasing  rates  of  nitrogen  fertilization 
from  essentially  100  per  cent  to  about  60.  The  yield  of  the  check 
treatment  declined  rapidly;  more  than  half  of  the  yield  for  the  en- 
tire year  was  obtained  in  the  first  three  harvests.  The  protein  con- 
centrations of  pangolagrass  were  very  high,  but  differences  between 
the  check  treatment  and  those  fertilized  with  nitrogen  were  rela- 
tively small.  This  resulted  from  very  short  growth  of  the  unfertilized 
grass,  which  gave  samples  composed  entirely  of  leaves  in  contrast 
to  fertilized  grass  which  contained  both  stems  and  leaves.  The 
unfertilized  grass  was  chlorotic  in  contrast  to  a  deep  green  color 
for  that  which  was  fertilized.  Pangolagrass  produced  relatively  few 
flowers  under  the  climatic  conditions  at  Los  Diamantes. 

Response  to  phosphate  and  potash  was  relatively  low.  During  the 
latter  part  of  the  year,  however,  significant  response  was  obtained 
to  both  nutrients.  Soil  analysis  also  showed  that  quantities  of  ex- 
tractable  potash  had  declined  to  very  low  levels  by  November,  1959. 
Chinch  bug  attacks  seriously  interfered  with  production  from  De- 
cember, 1959,  through  April,  1960.  These  were  treated  with  DDT 
and  metasystox.  Damage  was  most  severe  on  plots  which  received 
low  levels  of  potash,  or  none. 

Data  from  the  study  of  grass  fertilization  at  the  end  of  the  rainy 
season  for  hay  production  indicate  clearly  the  necessity  for  harvest- 
ing the  forage  produced.  Regardless  of  the  initial  quality  of  the 
forage,  the  decline  in  protein  concentration  and  total  protein  pro- 
duced per  unit  area  renders  the  system  of  deferred  grazing  both 
inefficient  and  uneconomical.  The  decline  in  protein  concentration 
is  probably  accompanied  by  reduced  digestibility  of  that  which 
remains. 

From  the  data  it  appears  that  there  are  two  points  of  primary 
consideration  in  obtaining  quality  forage  for  use  during  the  dry 
season.  These  are  date  of  field  preparation  for  forage  harvest  and 
date  of  harvest.  Whether  or  not  fertilizer  is  used,  all  forage  must 
be  harvested  by  the  middle  of  December.  Slower  growth  of  un- 
fertilized grass  will  necessitate  mowing  early  in  October  if  maxi- 
mum quantity  of  forage  is  to  be  produced.  Harvest  of  unfertilized 
grass  should  be  completed  as  quickly  after  rains  have  ceased  in 
order  to  maintain  protein  concentrations  at  the  highest  level. 
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Where  fertilizer  is  used,  the  system  employed  should  depend  on 
the  length  of  time  necessary  to  apply  the  fertilizer  and  to  make  hay 
on  the  land  area  used.  The  area  should  be  mowed  and  fertilized  dur- 
ing the  first  half  of  October.  All  fertilizer  should  be  applied  by 
about  October  20.  The  hay-making  operation  should  begin  when 
rains  cease  during  the  last  week  of  November  and  continue  until  all 
hay  is  made.  The  forage  should  be  harvested  in  the  same  sequence 
as  the  fertilizer  was  applied.  This  technique  will  give  the  highest 
average  percentage  of  protein  in  the  forage  and  will  sacrifice  the 
least  in  terms  of  hay  yield.  Delay  in  time  of  fertilization  or  harvest 
will  result  in  decreased  production  and  forage  quality. 

Corn  fertilization  studies  at  Los  Diamantes  in  the  Atlantic  zone 
showed  clearly  that  high  yields  of  corn  could  be  produced  on  mech- 
anized land  with  fertilization.  Data  from  the  initial  experiment 
showed  a  very  large  yield  increase,  52  cwt.  per  hectare,  for  the  first 
fertilizer  increment — 80  kgs.  per  hectare  of  nitrogen,  phosphate, 
and  potash.  Approximately  12  cwt.  were  produced  for  the  second 
increment.  Above  160  kgs.  there  was  no  yield  increase.  No  yield 
response  was  obtained  to  additional,  broadcast-applied  phosphate, 
minor  elements  or  lime.  Twenty-four  cm.  spacing  produced  higher 
yields  with  fertilization  than  35  cms.  with  rows  one  meter  apart. 
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Coffee  Nutrition 

he  two  main  areas  of  coffee  production  in  Costa  Rica 
are  the  Central  Plateau,  which  is  the  largest,  and  the 
Atlantic  zone,  which  is  primarily  in  and  around  the  Turrialba 
Valley. 

The  Central  Plateau  is  limited  on  the  east  by  the  Continental 
Divide  near  El  Alto  where  the  elevation  is  1,500  meters,  on  the 
north  by  a  chain  of  volcanoes  which  rise  from  2,000  to  3,400 
meters,  on  the  south  by  a  range  of  mountains  sedimentary  in  origin, 
and  on  the  west  by  the  lowlands  extending  to  the  Gulf  of  Nicoya. 
Within  this  area,  which  varies  from  about  1,000  to  1,500  meters 
in  elevation,  are  found  soils  derived  from  two  distinctly  different 
parent  materials.  Those  to  the  south  are  derived  from  sedimentary 
formations  which  are  to  a  considerable  extent  laterized.  These  soils 
are  readily  eroded  and  have  a  low  natural  fertility.  Those  to  the 
north  are  volcanic  and  of  more  recent  origin.  These  volcanic  soils 
are  inherently  more  fertile  and  have  a  remarkable  resistance  to 
erosion. 

The  temperature  of  the  Central  Plateau  varies  on  the  average 
from  64°  to  74°F.  The  annual  average  precipitation  varies  from 
2.5  to  3.0  meters.  The  eastern  part  of  the  plateau,  under  the  influ- 
ence of  the  Atlantic,  has  a  shorter  and  less  pronounced  dry  period 
than  the  western  part,  which  is  under  the  influence  of  the  Pacific. 

In  the  area  centered  around  the  Turrialba  Valley  coffee  is  grown 
at  an  elevation  of  from  600  to  800  meters.  The  average  tempera- 
tures are  higher  than  in  the  Central  Plateau  and  the  rainfall  is  more 
evenly  distributed  throughout  the  year.  These  conditions  result  in 
a  more  prolonged  and  less  distinct  growth  which  requires  13  to  14 
pickings  to  complete  the  coffee  harvest,  as  compared  to  3  or  4  pick- 
ings in  the  Central  Plateau. 

Of  a  total  population  of  about  1,000,000  in  Costa  Rica,  approxi- 
mately 70  per  cent  live  within  the  boundaries  of  the  Central  Plateau. 
A  large  proportion  of  the  income  of  the  people  is  derived  from  the 
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production  and  processing  of  coffee.  The  1950  census  indicated  a 
total  of  5,036  fincas,  with  a  total  of  63,293  manzanas  of  land  de- 
voted to  coffee  production.  Coffee  production  in  Costa  Rica  is  in 
the  hands  of  numerous  small  landowners. 

The  average  annual  amount  of  coffee  exported  from  Costa  Rica 
during  the  five-year  period  (1949-54)  was  366,400  bags  of  60 
kilos  each,  with  an  average  value  of  about  $24  million.  It  can  read- 
ily be  seen  that  any  practice  affecting  coffee  production  will  have 
a  considerable  influence  on  the  economic  condition  of  a  large  seg- 
ment of  Costa  Rica's  population. 

Previous  Work 

Much  research  has  been  carried  on  since  1950  in  coffee  nutri- 
tion by  Harold  Mowry  and  his  workers  in  the  MAI  and  STICA. 
During  this  period,  deficiences  of  boron,  zinc,  nitrogen,  manganese, 
and  magnesium  have  been  recognized  and  methods  for  their  cor- 
rection devised.  Present  field  plots  indicate  the  need  for  phosphorus, 
potassium,  and  calcium  in  certain  areas.  It  has  been  only  during 
the  past  few  years  that  the  value  of  fertilizers  and  the  need  for 
nutritional  sprays  for  disease  control  have  become  recognized  by 
growers. 

The  basic  work  indicating  the  need  for  specific  elements  or  com- 
binations of  elements  has  been  accomplished,  or  is  being  accom- 
plished, by  the  experiments  in  progress.  It  would  appear  that  the 
next  step  is  an  evaluation  of  the  sources  and  amounts  of  the  major 
nutritional  elements  required  for  optimum  production,  including 
nitrogen,  phosphorus,  potash,  calcium,  and  magnesium  in  areas 
where  their  need  is  indicated. 

Areas  Visited 

The  coffee  section  of  STICA  is  organized  under  the  direction  of 
Victor  M.  Perez  into  six  subsections,  with  a  representative  located 
in  each  area.  These  areas  and  the  representative  in  each  are  as 
follows: 

Turrialba — Carlos  L.  Ganacho  Heredia — Gilberto  Gutierrez 

Cartago — Hugo  Mata  P.  Alajuela — Belarmino  Soto 

San  Jose — Jose  Luis  Avendano  Naranjo — Carlos  F.  Campos. 
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Experimental  field  plots  in  each  of  these  areas,  maintained  in 
cooperation  with  local  coffee  growers,  involve  the  evaluation  of 
N,  P,  K,  Mg,  Ca,  B,  Zn,  Mn,  Cu,  S,  and  Mo  alone  and  in  combina- 
tion. Plots  are  included  in  which  the  minor  elements  are  applied  as 
soil  applications  or  nutritional  sprays.  Certain  plots  have  been  estab- 
lished in  which  fritted  trace  elements  ( F.  T.  E. )  containing  Mn,  Fe, 
Zn,  Cu,  B,  and  Mo  are  being  evaluated.  Recently,  plots  designed  to 
evaluate  the  phosphorus  sources,  triple  superphosphate  versus  am- 
monium phosphate,  have  been  started.  It  is  from  the  observation 
of  these  plots  by  growers  and  from  the  yield  records  maintained 
that  a  better  understanding  of  coffee  nutrition  is  being  promoted 
throughout  the  coffee-growing  areas. 

Relations  of  Leaf  Symptoms  to  Leaf  Analysis 

The  recognition  of  deficiency  symptoms  and  their  relation  to  the 
quantitative  analysis  of  leaves  for  certain  elements  has  become  an 
important  tool  in  plant  nutrition.  Observation  of  known  deficiencies, 
as  shown  in  coffee  leaves,  indicated  a  striking  similarity  to  known 
deficiency  symptoms  in  citrus  leaves.  Matching  of  available  leaf 
analysis  of  coffee  with  the  analysis  of  citrus  leaves  revealed  that 
the  concentration  of  elements,  with  the  exception  of  calcium,  was 
quite  similar.  The  following  table  shows  the  close  relationship 
in  analysis  and  whether  the  element  is  low,  average,  or  high  in 
concentration.1 


COFFEE    LEAF    ANALYSIS 

CITRUS    LEAF    ANALYSIS 

Percentage 

Percentage 

LOW 

AVG. 

HIGH 

LOW 

AVG. 

HIGH 

N 

0.9 

2.5 

4.5 

2.0 

2.7 

3.5 

P 

0.03 

0.17 

0.43 

0.08 

0.15 

0.30 

K 

1.0 

1.7 

3.0 

0.7 

1.4 

2.4 

Ca 

0.3 

1.35 

5.8 

1.5 

4.0 

7.0 

Mg 

0.08 

0.30 

0.80 

0.15 

0.45 

0.80 

20 

P.  P.  M* 

394 

30 

P.  P.  M* 
100 

B 

65 

250 

Zn 

— 

— 

— 

15 

60 

100 

Mn 

3 

80 

400 

20 

50 

100 

Cu 

— 

— ■ 

— 

3 

10 

20 

Fe 

40 

120 

300 

60 

80 

100 

Mo 

— 

— 

— 

0.05 

0.08 

0.10 

'Parts  per  million. 
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Visible  symptoms  for  N,  Mg,  Mn,  Zn,  and  B  deficiencies  have 
been  established  for  coffee,  and  symptoms  for  P,  K,  and  Ca  may  be 
established  by  further  observation  and  leaf  analysis.  It  would 
appear  that  publications  in  color  of  known  leaf  deficiency  symp- 
toms, together  with  their  chemical  analysis  and  the  method  of 
prevention,  and  including  known  toxicity  symptoms,  with  manifes- 
tations of  known  diseases  and  their  prevention  and  control,  would 
be  of  considerable  value  to  growers.2 

Effect  of  Nitrogen 

A  response  to  nitrogen  was  observed  in  all  areas  visited.  Since 
urea  is  one  of  the  major  nitrogen  sources  used  in  Costa  Rica,  it 
becomes  important  to  have  information  about  the  nitrifying  ability 
of  the  various  soils  in  the  different  areas  where  coifee  is  grown. 
Without  such  information  considerable  inefficiency  of  urea  util- 
ization may  result.  If  areas  of  poor  nitrification  are  found,  an 
indication  of  an  inadequate  liming  program  could  be  suspected. 
Information  relating  to  soil  nitrification  capacity  would  be  of  value 
in  setting  up  nitrogen  source  experiments  and  in  interpreting  results. 

Biuret 

In  the  Orosi  and  Cachi  areas  a  leaf  chlorosis  was  observed  which 
appeared  to  be  related  to  the  use  of  urea.  This  chlorosis,  which 
occurred  mostly  on  the  edges  and  tips  of  the  mature  leaves,  was 
similar  to  the  type  of  chlorosis  which  results  in  citrus  leaves  from 
an  excess  of  biuret.  Biuret  is  an  impurity  in  some  urea  sources  and 
is  a  result  of  holding  urea  in  a  molten  state  during  the  manufacture 
of  prilled  material.  An  analysis  of  the  biuret  content  of  various  urea 
sources  should  be  made  since  urea  containing  over  0.25  per  cent 
biuret  may  cause  a  leaf  chlorosis  when  used  either  as  a  spray  or 
soil  application.3 

Fertilizer  Distribution 

High-analysis  fertilizer  mixtures,  such  as  a  20-20-10,  are  used 
almost  exclusively  because  of  high  transportation  costs.  The  usual 
practice  of  placing  these  concentrated  mixtures  in  a  small  area  near 
the  trunk  of  the  coffee  tree  is  questionable.  The  fact  that  this  prac- 
tice has  not  resulted  in  considerable  tree  damage  is  probably  due 
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to  the  relatively  high  exchange  capacity  of  practically  all  the  soils 
on  which  coffee  is  grown.  From  the  standpoint  of  leaching,  root 
damage,  and  the  most  efficient  utilization  of  fertility  elements  the 
present  practice  would  not  appear  to  be  good.  A  study  of  the  extent 
of  spread  of  coffee  roots  might  be  made  in  order  to  formulate  a 
better  fertilizer  placement  program.  This  distribution  of  roots  should 
be  observed  under  different  systems  of  soil  management;  for  ex- 
ample, the  usual  practice  of  shoveling  versus  nonshoveling.  It  is 
believed  that  a  better  distribution  of  the  fertilizer  would  promote 
a  better  distribution  of  roots  and  thus  a  stronger,  more  vigorous, 
and  more  productive  plant. 

Lime  Requirements 

Although  some  effort  has  been  made  to  establish  lime  require- 
ments, further  studies  relating  to  an  adequate  liming  program  would 
be  of  benefit.  Areas  were  observed  where  applications  of  ground 
agricultural  limestone  resulted  in  considerable  increased  growth 
and  disappearance  of  deficiency  symptoms  not  specifically  related 
to  calcium,  which  indicates  an  inhibited  root  system,  perhaps  due 
to  unfavorable  soil  conditions.  The  result  is  a  stunted  plant  which 
will  exhibit  zinc  or  boron  deficiency  symptoms.  Areas  in  which  the 
organic  matter  is  low  or  where  the  topsoil  has  been  lost  through 
erosion  need  studies  related  to  the  use  of  ground  limestone. 

Shift  in  Emphasis  of  Plot  Work 

As  in  the  plot  work  carried  out  during  the  1950-56  period,  most 
of  that  now  in  progress  is  directed  primarily  at  determining  which 
element  or  combination  of  elements  is  lacking  to  the  greatest  extent. 
This  method  of  attack  readily  reveals  deficiencies,  especially  of  the 
minor  elements.  As  this  information  becomes  available  more  em- 
phasis can  be  put  on  learning  what  levels  and  sources  of  the  major 
elements  are  required  for  optimum  growth  and  yield.  That  direction 
of  effort  is  shifting  toward  this  viewpoint  is  evidenced  by  recent 
plot  work  being  initiated  with  respect  to  phosphorus  sources.  This 
type  of  work  could  be  extended  to  include  the  evaluation  of  nitrogen 
sources  such  as  nitrates,  ammonium  salts,  and  urea.  As  time  and 
conditions  permit,  an  evaluation  of  potash  sources  might  prove 
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profitable.  For  example,  in  areas  where  both  potash  and  magnesium 
are  suspected  of  being  deficient,  the  use  of  the  double  salt,  sulfate 
of  potash  magnesia,  might  be  compared  to  equivalent  amounts  of 
potassium  and  magnesium  derived  from  muriate  of  potash  and 
anhydrous  magnesium  sulfate. 

Cacao 

From  limited  observations  made  during  a  short  trip  with  J.  R. 
Hunter  of  STICA  to  observe  the  work  in  progress  on  cacao,  it 
appeared  that  in  Costa  Rica  this  plant  is  being  grown  with  relatively 
little  concern  for  nutrition  or  disease  control.  Much  of  the  time  and 
effort  of  the  technicians  is  being  utilized  in  improving  methods  of 
propagating  high-yielding  stocks  and  in  making  selection  of  such 
stocks.  Until  the  plant  material  is  established,  only  exploratory 
nutritional  experiments  should  be  attempted  and  should  consist  of 
factorials  of  the  major  and  minor  elements. 

Laboratory  Discussions 

Considerable  time  was  spent  with  Gil  Chaverri  R.,  Chief  of  the 
STICA  Chemical  Laboratory  for  the  MAI,  in  discussing  laboratory 
procedures  and  equipment,  and  some  time  was  spent  with  Chaverri 
regarding  the  space  and  equipment  required  for  the  type  of  re- 
search planned  for  a  new  laboratory.  The  new  STICA  Soils  Labora- 
tory will  make  available  more  fundamental  knowledge  of  the  soils 
in  the  different  coffee-growing  sections,  including  nitrification  ca- 
pacity, exchange  capacity,  total  potassium,  calcium,  magnesium, 
and  phosphorus.  Particular  attention  should  be  given  to  a  study  of 
the  "available"  soil  potassium  method  now  in  use.  Such  informa- 
tion will  be  of  value  in  eventually  formulating  fertilizer  practices 
to  maintain  optimum  production  in  similar  soil  areas. 

Plot  Designs 

In  setting  up  further  experiments  to  evaluate  coffee  production 
responses  to  fertilizer  applications,  the  order  of  importance  would 
appear  to  be  as  follows:  (1)  nitrogen  rates,  (2)  potash  rates,  (3) 
lime  requirements,  (4)  nitrogen  sources  (depending  on  soil  nitrifi- 
cation studies ) ,  ( 5 )  potash  and  magnesium  sources. 
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A  suggested  outline  for  setting  up  a  nitrogen-potash  rate  experi- 
ment on  coffee  follows: 

Treatment  Fertilization* 

Number  N  K20 

1 
2 
3 
4 
5 
6 
7 
8 
9 

*  Nitrogen  as  urea  and  K2O  as  60%  KC1. 

This  should  be  replicated  three  times  at  each  location,  and  at 
least  two  locations  should  be  used — one  on  volcanic  soil  and  one 
on  sedimentary  soil.  Each  plot  should  consist  of  six  or  eight  trees 
buffered  on  each  side  by  one  row  of  trees.  The  area  under  test 
should  receive  an  over-all  application  of  500  pounds  per  acre  of 
triple  superphosphate  and  a  yearly  application  of  250  pounds  of 
anhydrous  magnesium  sulfate.  Nutritional  sprays  supplying  boron 
and  zinc  should  be  applied  in  the  usual  manner  to  all  plots.  This 
experiment  will  require  27  plots  at  each  location.  Another  method 
of  setting  up  the  experiment  would  be  to  replicate  the  nitrogen 
potash  rates  four  times,  and  then  to  lime  half,  leaving  two  replicates 
of  each.  This  would  require  36  plots.  A  suggested  rate  of  lime 
application  would  be  two  tons  per  acre  of  ground  limestone. 

Nitrogen  source  experiments  (urea,  ammonium  nitrate,  potassium 
nitrate )  should  await  further  laboratory  studies  on  soil  nitrification. 
Timing  studies  should  await  further  work  relating  starch  reserves 
with  season  or  growth  periods  in  the  coffee  plant. 


NOTES 

1.  L.    E.    Muller,    unpublished    data    re   coffee    leaf   analysis;    and   citrus   leaf 
analyses  data  from  Florida  Citrus  Experiment  Station,  Lake  Alfred. 

2.  Such  a  chart  has  now  been  published  by  STICA  and  MAI,  San  Jose. 

3.  H.  W.  Robinson  and  C.  G.  Hogden  explain  a  method  for  biuret  and  analysis 
in  Journal  of  Biological  Chemistry,  CXXXV  (1940),  707-725. 
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he  writer  served  as  consultant  in  planning  a  new 
building  and  developing  a  research  program  for  the 
STICA  Laboratory  located  on  the  campus  of  the  University  of  Costa 
Rica.  The  Laboratory  building  was  completed  and  put  in  operation 
in  August,  1957,  and  plant  and  soil  analysis,  both  for  research  and 
extension  in  STICA  and  for  certain  divisions  of  the  MAI,  are  now 
conducted  in  the  Laboratory.  The  building  contains  about  6,000 
square  feet  in  two  floors  ( Fig.  1 ) .  The  first  is  devoted  to  sample 
acceptance,  preparation,  and  general  storage,  with  one  large  room 
reserved  for  library  and  conference  purposes  or  for  future  expan- 
sion. The  second  floor  is  used  for  laboratories  and  an  administrative 
office. 


New  STICA  Laboratory,  con- 
structed on  campus  of 
University  of  Costa  Rica, 
San  Jose,  1957 


As  a  part  of  the  early  phase  of  this  work,  a  fertilizer  school  was 
held  from  January  7  to  11.  It  was  attended  by  55  members  of 
STICA,  MAI,  and  various  commercial  interests.  The  course  was 
suggested  by  Laybourne  L.  Larson,  the  subject  matter  developed 
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and  presented  by  the  writer,  and  a  running  translation  to  Spanish 
made  by  Gil  Chaverri.  The  information  was  released  in  mimeo- 
graphed form  in  Spanish  and  constituted  17  pages  of  formal  dis- 
cussion and  10  pages  of  supplementary  comments.1  Much  of  the 
information  presented  was  a  review  for  those  who  had  taken  the 
standard  curriculum  in  agronomy  at  the  University  of  Costa  Rica; 
but  throughout  the  course  an  attempt  was  made  to  elicit  challeng- 
ing questions  on  the  present  fertilization  program,  especially  those 
concerning  the  selection  of  commercial  sources  of  materials  and 
their  methods  of  use. 

A  particular  problem  is  presented  in  the  use  of  certain  materials 
which  tend  to  be  hygroscopic  or  incompatible  in  mixtures,  but 
which  by  virtue  of  their  low  transportation  costs  are  relatively  eco- 
nomical per  unit  of  nutrient  element.  An  example  of  the  difficulty 
is  shown  by  the  following  data  in  which  the  hygroscopicity  or 
amount  of  moisture  taken  up  in  24  hours  at  89  per  cent  relative 
humidity  was  determined  by  Elemer  Bornemisza  for  instructional 
use  during  the  fertilizer  school. 


Per  cent 

moisture 

Material 

Grams  used 

increase 
during  the 
first  24  hrs. 

Ammonium  sulfate 

10 

.02 

Nugreen  (urea) 

10 

.07 

Calamonitro  (ammonium  nitrate) 

10 

4.87 

Emjo  (magnesium  sulfate) 

10 

2.48 

Ammonium  sulfate  plus  Nugreen 

5  each,  mixed 

2.63 

Nugreen  plus  Calamonitro 

5  each,  mixed 

6.24 

Calamonitro  plus  Emjo 

5  each,  mixed 

3.36 

Nugreen  plus  Emjo 

5  each,  mixed 

2.35 

Calamonitro,  Nugreen,  Emjo 

3.3  each,  mixed 

7.12 

It  is  obvious  that  Calamonitro  was  very  hygroscopic  and  Emjo 
moderately  so,  while  ammonium  sulfate  and  Nugreen  were  very 
stable  under  conditions  of  the  tests.  But  when  the  latter  two  were 
mixed,  the  resulting  marked  hygroscopicity  indicated  interaction 
between  the  two  materials.  This  type  of  reaction,  and  that  intro- 
duced by  the  use  of  slightly  moist  materials  that  may  tend  to 
destroy  the  conditioned  surface  of  materials  developed  by  the  manu- 
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facturer,  must  be  carefully  considered  when  combining  materials 
in  mixtures.  Even  slight  moisture  in  otherwise  stable  materials  such 
as  potash  salts  and  sulfate  of  ammonia  should  be  avoided  because 
of  its  effect  in  starting  a  chain  reaction  of  moisture  uptake  in  less 
stable  materials.  Once  the  protective  coating  of  pelletized  urea  or 
ammonium  nitrate  is  destroyed,  the  absorption  of  moisture  from 
the  air  proceeds  rapidly.  The  problem  is  further  aggravated  by  lack 
of  locally  available  conditioning  materials  such  as  dolomitic  lime- 
stone, industrial  organic  wastes,  or  even  dry  sand. 

Prior  to  the  establishment  of  the  new  laboratory  a  limited  amount 
of  investigation  was  carried  out  with  very  inadequate  facilities  in 
the  old  MAI  building.  The  laboratory  project  was  headed  by  Lino 
Vicarioli.  Gil  Chaverri  was  in  immediate  charge  of  the  staff  of  ten 
to  twelve  professional  and  nonprofessional  personnel.  Certain  meth- 
ods of  analysis  were  cumbersome  or  of  low  precision;  but  purchase 
of  equipment,  including  a  Perkin-Elmer  flame  photometer,  per- 
mitted considerable  improvement.  Of  the  several  laboratory  projects 
under  way  in  July  of  1956,  the  ones  receiving  the  most  attention 
were  the  complete  mineral  analysis  of  coffee  leaves  collected  sys- 
tematically by  season  and  age,  the  analysis  of  coffee  leaves  showing 
symptoms  of  abnormality,  and  extension  service  analysis  of  soils 
and  leaves  as  an  aid  to  individual  growers. 

The  results  of  these  early  investigations  should  be  given  much 
credit  for  the  rapid  advance  in  practical  use  of  major  and  secondary 
elements  in  fertilizers  and  sprays.  A  fairly  complete,  detailed  re- 
connaissance soil  survey  of  the  Meseta  Central,  the  major  coffee- 
growing  district,  was  of  inestimable  help  in  initial  research  and  the 
application  of  research  findings.2  This  type  of  survey  catalogues  and 
describes  the  significant  soil  variations  that  exist,  which  allows  re- 
search to  proceed  on  an  intelligent  basis  without  the  long  delay 
usually  associated  with  completion  of  large  areas  by  highly  detailed 
inventory  surveys. 

Early  work  by  the  laboratory  resulted  in  selection  of  the  fourth 
and  fifth  leaf  from  the  end  of  the  coffee  branch  as  the  one  to  be 
collected  for  analysis.  Results  of  this  work  and  that  of  the  coffee 
project  along  related  lines  have  been  published.3  Correlation  of 
productivity  with  leaf  analysis  and  visual  deficiency  symptoms  of 
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abnormality  is  acceptable  for  the  majority  of  elements  if  the  defi- 
ciency, excess,  or  toxicity  is  extreme,  but  much  is  to  be  desired  in 
the  use  of  this  tool  as  a  service  to  growers. 

Soil  analysis  was  found  to  be  in  this  same  general  category  as  a 
service  tool.  Analysis  for  pH  and  exchangeable  potassium,  calcium, 
and  magnesium  can  be  justified  as  a  service,  but  even  with  these 
soils  of  relatively  high  cation  exchange  capacity  a  majority  of  the 
determinations  fall  into  the  indefinite  intermediate  range  where  it 
is  necessary  to  resort  to  general  recommendations  for  a  soil  group 
as  a  whole.  There  was  some  indication  that  pH  is  not  an  adequate 
criterion  of  calcium  supply  with  certain  soils,  as  will  be  discussed 
later. 

Analysis  for  available  phosphorus  was  misleading  in  most  in- 
stances for  the  various  soils  even  though  a  range  of  extractants  was 
used.  Work  on  methods  of  estimation  of  this  element  is  needed. 
Coffee  has  remarkable  ability  to  extract  adequate  phosphorus  from 
soils,  but  apparently  this  is  not  true  for  most  agronomic  crops. 
Studies  on  phosphorus  fertilization  present  a  real  challenge  for  the 
future.  Phosphorus,  along  with  minor  elements,  probably  holds  the 
answer  to  the  unexplained  poor  productivity  of  certain  agronomic 
crops. 

Suggested  Laboratory  Studies 

Laboratory  studies  initiated  by  the  writer  specifically  for  soils 
and  crops  of  Costa  Rica  included  the  following: 

1.  The  efficiency  of  conversion  of  urea  in  soils. 

2.  Effect  of  excess  fertilizer  anions  on  the  leaching  losses  of  nutrient 
bases. 

3.  Toxicity  of  biuret  in  urea  to  coffee. 

4.  Buildup  or  depletion  of  potassium  and  phosphorus  in  soils  under 
cropping  to  coffee. 

5.  Plant  starch  reserves  and  coffee  production. 

Although  progress  on  various  studies  was  limited  by  inadequate 
facilities  in  the  old  laboratory,  by  previous  commitment  of  person- 
nel to  the  completion  of  the  work  already  under  way,  and  by  the 
confusion  of  moving  and  re-establishment  in  the  new  laboratory, 
considerable  progress  in  certain  areas  still  was  possible. 
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The  Efficiency  of  Conversion  of  Urea  in  Soils 

Work  on  urea  was  adequate  to  indicate  that  no  major  problem 
existed  in  the  conversion  and  utilization  of  urea  nitrogen,  a  favored 
form  of  nitrogen  for  side-dressing  coffee  because  of  its  relatively 
low  cost  per  unit  of  nitrogen  in  Costa  Rica.  Hydrolysis  of  urea  to 
ammonia  in  the  various  soils  was  rapid,  and  nitrification  proceeded 
normally  except  where  soil  pH  was  so  low  as  to  be  limiting  to 
microbiological  activity.  The  need  for  lime  was  indicated  in  some 
instances.  Volatile  loss  of  ammonia  from  urea  that  is  top-dressed  in 
the  manner  commonly  employed  for  coffee  was  not  recognized  at 
the  time;  but  it  is  now  known  that  this  loss  is  significant  under  cer- 
tain conditions  and  should  receive  research  consideration  in  Costa 
Rica.4 

Effect  of  Excess  Fertilizer  Anions  on  the  Leaching 

Losses  of  Bases 

Magnesium  deficiency,  which  is  quite  widespread  in  certain  areas 
and  shows  up  especially  on  coffee  and  citrus,  has  heretofore  been 
corrected  by  the  use  of  magnesium  sulfate;  in  fact,  inclusion  of 
magnesium  sulfate  in  fertilizer  as  a  safety  factor  is  quite  common 
even  when  magnesium  deficiency  may  not  be  known  to  exist.  Sulfate 
of  magnesia  is  not  a  concentrated  material.  It  carries  only  27  per 
cent  MgO  as  compared  to  nearly  100  per  cent  for  technical  magne- 
sium oxide,  another  source  of  fertilizer  magnesium  on  the  market. 

Ammonium  sulfate  is  being  used  in  mixed  fertilizers  to  consider- 
able extent,  primarily  because  of  its  excellent  mixing  or  condition- 
ing qualities  in  fertilizer.  The  concentrated  phosphates  and  nitrates 
of  potassium  are  little  used  as  yet. 

Proposals  for  fertilizer  trials  to  increase  nutrient  efficiency  have 
suggested  that  magnesium  oxide  be  substituted  for  the  sulfate  and 
that  the  use  of  ammonium  sulfate  be  reduced  as  much  as  possible. 
Chloride  could  be  reduced  by  the  use  of  the  nitrates  and  phosphates 
of  potassium  if  the  latter  could  be  procured  at  costs  approaching 
economy  of  other  sources. 

The  primary  reason  for  the  above  suggestions  is  the  relative 
leaching  losses  that  may  be  expected  from  the  use  of  certain  ma- 
terials.  Bases   such  as  calcium,   magnesium,   potassium,   and   am- 
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monia  are  held  against  leaching  from  the  soil  by  the  cation 
exchange  complex.  The  common  anions — sulfate,  chloride,  and 
nitrate — are  relatively  free  to  move  with  soil  water,  except  that 
under  certain  conditions  sulfate  may  be  absorbed  to  some  extent 
by  an  anion  exchange  mechanism.  Any  of  these  anions  supplied  to 
the  soil  in  excess  of  plant  uptake  are  ultimately  leached  out  of  the 
surface  soil.  They  do  not  move  alone  but  carry  a  mixture  of  the 
available  bases — calcium,  magnesium,  potassium,  ammonia — with 
them.  Chloride  and  sulfates,  which  are  utilized  only  to  a  limited 
extent  by  plants  as  compared  to  quantity  usually  applied,  have  a 
very  definite  effect  on  the  volume  loss  of  bases.  Reducing  the  quan- 
tity of  these  anions  as  much  as  possible  in  keeping  with  economy 
of  fertilizer  source  materials  and  minimum  plant  requirements  will 
have  a  definite  effect  on  the  conservation  of  bases  by  the  cation 
exchange  of  the  soil,  where  they  will  be  retained  until  such  time  as 
required  by  the  plant. 

Fortunately  the  major  loss  is  of  calcium,  an  element  that  can 
be  replaced  by  the  use  of  calcic  lime,  a  relatively  economical  ma- 
terial in  Costa  Rica  except  in  outlying  areas  where  transportation 
costs  are  high.  The  real  cause  for  concern  is  the  loss  of  magnesium 
and  potassium.  Normally  the  loss  of  magnesium  is  not  important, 
as  in  the  United  States  where  there  are  abundant  supplies  of  dolo- 
mite, a  calcium-magnesium  limestone;  but  in  Costa  Rica  magnesium 
must  be  supplied  by  import.  Substitution  of  magnesium  oxide  for 
the  sulfate  has  been  suggested  because  it  is  cheaper  per  unit  of 
magnesium  and  carries  no  anion  to  promote  leaching  loss  of  bases. 

The  same  applies  in  the  recommended  substitution  of  other  forms 
of  nitrogen  for  sulfate  of  ammonia — which  carries  sulfate  ions,  as 
compared  to  urea  and  ammonium  nitrate  or  to  nitrates  of  calcium, 
sodium,  and  potassium,  which  do  not.  The  latter  three  actually  tend 
to  be  basic  in  residual  effect  on  the  soil;  but  their  relatively  high 
cost  makes  the  use  of  urea  or  ammonium  nitrate  with  proper  liming 
a  more  logical  practice  except  in  special  instances. 

To  obtain  data  on  the  relative  leaching  potential  resulting  from 
the  use  of  mixtures  high  in  content  of  sulfates  and  chlorides  as  com- 
pared to  those  low  in  these  anions,  leaching  tests  were  set  up  in  the 
laboratory,  using  eight-inch  columns  of  soil  to  which  the  two  differ- 
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ent  mixtures  were  added.  They  were  incorporated  in  the  moist  soil, 
allowed  two  days  to  react,  then  slowly  leached  during  the  next  sev- 
eral days  until  ten  inches  of  water  had  passed  through  the  column. 
Addition  of  materials  was  at  a  rate  approximating  present  recom- 
mended field  practices,  based  on  the  concentration  existing  at  the 
zone  of  placement,  except  for  nitrogen  which  was  used  at  one-half 
annual  rate  because  this  element  normally  is  applied  in  split  applica- 
tions two  or  three  times  a  year. 

The  nutrients  supplied  in  combination  with  high  chloride  and 
sulfate  were  added  as  sulfate  of  ammonia,  muriate  of  potash,  ordi- 
nary superphosphate  (simulated  by  mixing  monocalcium  phosphate 
and  gypsum),  and  sulfate  of  magnesia.  Those  in  combination  with 
low  anions  were  supplied  in  equivalent  quantities,  but  as  urea, 
monopotassium  phosphate,  magnesium  oxide,  and  monocalcium 
phosphate. 

Some  of  the  data  are  reported  in  Table  1.  A  complete  report  has 
since  been  prepared  by  Miss  Ana  M.  Ramos  L.  in  fulfillment  of 
thesis  requirement  at  the  University  of  Costa  Rica.5 

The  marked  differences  in  leaching  losses  are  readily  apparent 
when  percentage  losses  in  the  "High  Anions"  column  are  compared 


TABLE  1. — Relative  Leaching  Losses  from  Various  Soils  under  Laboratory 

Lysimeter  Tests  Comparing  Fertilizer  Mixtures  with  High  and  Low  Contents 

of  Sulfate  and  Chloride  Anions* 


Soil 

Percent 

of  Application  Leached 

Potassium 

Magi 

nesium 

Sulfate 

High 

Low 

High 

Low 

High 

Soil  Descript: 

ion 

pH 

Anions 

Anions 

Anions 

Anions 

Anions 

Volcanic 

Heredia 

5.7 

75 

10 

168 

29 

89 

Turrialba 

5.6 

77 

10 

130 

18 

48 

Semilateritic 

A  la  j  lie  la 

5.1 

14 

5 

42 

9 

10 

Sarchi 

5.6 

18 

5 

19 

9 

23 

Lateritic 

Turrialba 

5.2 

16 

4 

30 

9 

10 

San  Isidro 

General 

4.9 

74 

6 

45 

7 

51 

*No  nitrate  was  added  and  nitrification  did  not  exceed  3  per  cent  of  the  added 
(NH4)2S04  with  high  anions  or  10  per  cent  of  added  urea  with  low  anions  during 
the  6-day  period  of  these  leaching  tests. 
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to  those  in  the  "Low  Anions"  column.  It  varies  from  three  to  twelve 
times  as  much  for  potassium  and  from  two  to  seven  times  as  much 
for  magnesium.  Retentivity  is  a  combination  of  several  factors,  chief 
of  which  are  cation  exchange  capacity,  pH,  and  the  retention  of 
the  sulfate  ion.  Any  high  retention  tendency  for  sulfate  by  a  soil 
(Alajuela,  Turrialba)  means  a  proportionally  reduced  potential  for 
movement  of  bases.  This  retention  of  sulfate  is  definitely  a  limited 
process,  which  under  continued  use  of  sulfates  will  soon  be  satis- 
fied and  will  allow  leaching  to  proceed  in  a  manner  similar  to  that 
of  soils  with  little  apparent  retention — Heredia,  for  example.  Am- 
monia was  lost  in  proportions  approaching  those  of  the  other  bases 
in  some  soils;  but  because  it  is  subject  both  to  nitrification  and  loss 
as  nitrates  it  is  not  included  in  the  consideration. 

The  effect  of  nitrates  applied  or  formed  by  nitrification,  in  excess 
of  plant  uptake,  will  promote  leaching  in  the  same  manner  as  other 
soluble  anions.  This  does  not  mean,  however,  that  a  major  dis- 
crepancy between  effect  of  nitrate  and  other  forms  of  nitrogen 
exists,  because  the  combination  of  rapid  uptake  of  nitrate  by  plants, 
biological  fixation  by  microorganisms,  and  a  rapid  rate  of  conver- 
sion of  ammoniacal  nitrogen  to  nitrate  in  the  majority  of  soils  of 
Costa  Rica  largely  remove  the  practical  difference  between  urea 
and  ammonium  nitrate  on  this  count. 

The  differential  leaching  rate  of  nitrate  versus  ammoniate  is 
significant  for  sandy  soils  but  is  of  little  concern  for  soils  heavy 
enough  to  prevent  rapid  flushing  of  the  soil.  With  tree,  pasture,  or 
field  crops  with  a  well-developed  root  system,  there  is  very  efficient 
uptake  of  nitrate  nitrogen  shortly  after  application. 

Thus  it  appears  that  future  field  tests  should  be  planned  around 
the  use  of  urea  and  ammonium  nitrate,  triple  superphosphate,  am- 
monium phosphates,  potassium  phosphates,  and  magnesium  oxide 
as  closely  as  practical.  The  actual  acceptability  of  a  practice  of 
reduction  of  anions  must  be  justified  by  continuous  field  observa- 
tions of  crop  yield.  With  equivalence  of  yield  in  the  initial  stages 
of  such  tests  it  can  be  assured  that  buildup  of  nutrient  bases  is  pro- 
ceeding in  the  soil  and  an  ultimate  reduction  in  application  of 
fertilizers  will  be  economical.  It  will  require  several  years  to  esti- 
mate the  full  value  of  such  a  program. 
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There  has  been  much  concern  for  the  real  value  of  nitrates  of 
soda,  calcium,  and  potassium.  The  latter  two  are  excellent  materials 
for  use  under  most  conditions,  but  their  relatively  high  cost  is 
limiting.  Certain  soils  of  the  Meseta  Central  have  shown  a  pH  much 
higher  than  would  be  expected  from  the  per  cent  base  saturation  of 
the  soil.  It  is  thought  that  this  may  be  the  result  of  partial  satura- 
tion by  aluminum,  iron,  or  certain  organic  bases.  The  available  cal- 
cium in  these  soils  is  low  despite  a  pH  of  about  6.0.  Under  such 
conditions  reactivity  of  lime  would  be  low,  and  a  real  calcium  de- 
ficiency might  still  exist  for  a  period  even  after  application  of  lime- 
stone. Calcium  nitrate  would  serve  to  supply  a  readily  available 
source  of  calcium  pending  time  for  applications  of  lime  to  become 
effective  on  the  exchange  mechanism.  A  marked  increase  in  soil 
acidity  as  measured  in  neutral  salt  solution  as  compared  to  water 
suspension  often  indicates  significant  exchangeable  aluminum.  The 
value  of  hydrated  lime  as  compared  to  ground  limestone  should  be 
tested  for  such  soils. 

Nitrate  of  soda,  if  used  in  quantity,  should  be  given  special  con- 
sideration to  prevent  undesirable  physical  effects  on  the  soil.  It 
should  present  no  problem  when  added  to  mixed  fertilizers  or  when 
used  alone  if  at  other  times  of  the  year  appreciable  amounts  of 
mixed  fertilizer  are  applied.  Nitrate  of  soda  should  be  avoided  for 
use  where  primarily  nitrogen  is  used  year  after  year,  because  there 
will  then  be  a  gradual  conversion  of  the  normal  calcium-magnesium 
clays  to  a  sodium  clay.  When  this  happens  the  crumb  structure  of 
the  soil  will  be  destroyed  and  the  soil  will  become  massive,  plastic, 
and  relatively  impermeable  to  water.  Past  experience  with  banana 
soils  indicates  that  this  can  take  place  in  a  relatively  short  time 
under  some  conditions. 

Toxicity  of  Biuret  in  Urea  to  Coffee 

Biuret,  a  compound  known  to  produce  toxicity  symptoms  in  cer- 
tain plants,  consists  of  two  molecules  of  urea  connected  by  the  loss 
of  one  ammonia  molecule.  Apparently  this  is  formed  in  urea  as  a 
result  of  heating  during  prilling  processes  used  by  manufacturers 
to  condition  urea  for  fertilizer  usage. 

The  suggestion  that  certain  patterns  of  leaf  chlorosis  of  coffee 
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might  be  the  result  of  biuret  toxicity  was  first  made  by  Harold 
Mowry.  That  materials  thought  to  contain  biuret  produced  chlorosis 
of  coffee  leaves  under  some  conditions  of  normal  field  usage  was 
then  established  by  workers  under  the  Coffee  Project;  but  according 
to  their  tests  the  use  of  such  materials  did  not  always  produce  the 
symptoms.  Subsequent  analyses  of  various  sources  of  urea  by  the 
STICA  Laboratory  showed  the  following  contents  of  biuret: 

Prilled  urea — Source  A  3.38%  biuret 

Prilled  urea — Source  B  3.00 

Prilled  urea — Source  C  1.63 

Crystal  urea  0.36 

Granulated  urea  0.56 

Reagent  urea  0.0006 

The  values  found  for  the  different  materials  agreed  quite  well 
with  guarantees  and  published  reports.  As  a  further  check  some  of 
the  materials  were  returned  to  certain  manufacturers  for  a  labora- 
tory check.  The  values  obtained  by  the  STICA  Laboratory  were 
substantiated.  From  these  analyses  it  was  apparent  that  biuret  was 
present  up  to  3.38  per  cent  in  certain  samples  of  urea  available  for 
sale  in  Costa  Rica.  Whether  or  not  the  growth  of  coffee  plants  or 
the  yield  or  quality  of  coffee  is  significantly  affected  has  not  been 
determined.  However,  any  appearance  of  chlorosis  that  growers 
could  correlate  with  a  given  source  of  material  would  result  in  dis- 
crimination against  the  material  in  question. 

In  order  to  ascertain  definitely  that  the  type  of  symptom  result- 
ing from  use  of  certain  types  of  urea  really  was  due  to  biuret,  and 
to  get  a  better  understanding  of  the  order  of  development  and  dis- 
appearance of  symptoms  on  coffee,  the  soils  of  six  potted  coffee 
plants  were  treated  with  0,  0.2,  0.4,  0.8,  1.6,  or  3.2  grams  of  pure 
biuret  in  solution  per  plant.  The  application  was  split  into  two  por- 
tions and  applied  one  month  apart.  A  new  flush  of  leaves  was  just 
breaking  from  the  buds  on  all  plants  at  the  time  of  second  applica- 
tion, presenting  an  ideal  opportunity  to  witness  the  effect.  Photo- 
graphs of  three  of  these  plants  appear  in  Figures  2,  3,  and  4. 

The  effect  on  the  new  leaves  was  marked  and  very  rapid,  espe- 
cially at  the  three  highest  levels  of  treatment.  Even  the  effect  of  the 


Figure  2. — Young  coffee  plant 

two  months  after  treatment  with 

0.8  grams  of  biuret.  Note  deep 

corrugations  in  leaves  and 

chlorosis  of  leaf  edges  and 

between  veins 


Figure  3. — Young  coffee  plant 

two  months  after  treatment  with 

1.6  grams  of  biuret 


Figure  4. — Young  coffee  plant 

two  months  after  treatment  with 

3.2  grams  of  biuret.  Note  that 

old  leaves  show  no  symptoms 

of  toxicity  but  that  young 

leaves  are  almost 

completely  yellow 
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lowest  (0.2  gram  total)  application  could  be  noted.  The  mildest 
recognizable  symptom  did  not  involve  chlorosis  but  was  exhibited 
mainly  as  longitudinal  corrugation  between  the  lateral  veins  such  as 
might  be  produced  by  a  leaf  having  rapid  growth  between  the  veins 
but  restricted  in  the  conducting  tissues  of  veins  and  stems  and  at 
leaf  margins.  The  leaves  at  the  low  levels  of  treatment  grew  vigor- 
ously to  full  size.  Chlorosis  of  leaves  between  the  veins  was  apparent 
at  the  0.8  gram  level  of  treatment.  Young  leaves  at  the  3.2  gram 
level  were  severely  stunted  and  completely  chlorotic,  remaining  so 
for  several  weeks  but  turning  green  along  the  midrib  after  about 
four  months. 

In  no  instance  of  early  development  of  chlorosis  did  it  entirely 
disappear;  it  was  still  evident  on  affected  leaves  six  months  after 
initial  treatment.  New  leaves  appeared  to  be  completely  normal  if 
they  developed  from  flushes  postdating  treatment  by  a  month  or 
more.  The  persistent  symptom  of  yellow  spots  or  chlorotic  areas 
between  the  veins  commonly  noted  in  the  field  is  probably  the  result 
of  previous  effect  on  the  new  leaves  by  treatment  at  the  time  a 
new  flush  of  growth  started.  In  no  instance,  even  with  the  highest 
treatment,  did  any  leaves  other  than  those  in  the  tender  stage  of 
growth  show  any  response  to  the  biuret  by  developing  abnormal 
appearances.  Therefore,  the  erratic  development  of  field  symptoms 
is  probably  a  reflection  of  the  presence  or  absence  of  a  new  flush  of 
growth  at  time  of  treatment. 

Another  symptom  still  very  apparent  six  months  after  treatment 
is  shortened  internodes,  which  give  the  plant  a  rosette-like  appear- 
ance at  branch  terminals  similar  in  some  respects  to  zinc  deficiency. 
According  to  members  of  the  Coffee  Project,  biuret  toxicity  symp- 
toms develop  not  only  from  soil  applications,  but  also  from  leaf 
sprays  with  urea  containing  biuret. 

Previous  work  by  the  Laboratory  showed  that  urea  was  largely 
hydrolyzed  to  ammonia  within  two  to  three  days  under  average 
conditions  in  Costa  Rica.  The  rate  of  hydrolysis  of  biuret  could  be 
all-important  in  determining  the  time  lapse  in  which  a  plant  had  to 
absorb  biuret  and  could  possibly  account  for  the  difference  noted 
between  tests  in  the  field.  In  order  to  estimate  the  rate  of  break- 
down of  biuret  as  compared  to  urea,  the  two  materials  were  added 
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to  several  different  soils  of  the  Meseta  Central  and  incubated  in 
moist  condition  for  various  lengths  of  time.  Ammonia  nitrogen  and 
nitrate  nitrogen  were  then  determined  in  order  to  estimate  by  differ- 
ence from  the  amount  of  nitrogen  added,  less  checks,  how  much 
biuret  or  urea  nitrogen  still  was  not  accounted  for. 


100 


Figure  5. — Comparative  rates  of  decom- 
position of  urea  and  biuret  in  soil  from 

Granadilla 
Note;  Residual  biuret  and  urea  are 
assumed  by  difference  between  applica- 
tion and  net  recovery  of  ammonia  plus 
nitrate  nitrogen 


5  8 

DAYS     AFTER   TREATMENT 


It  is  very  evident  from  the  curves  of  Figure  5  that  a  marked 
difference  in  added  nitrogen  not  accounted  for  as  ammonia  or  ni- 
trate exists  during  the  eight  days  necessary  to  hydrolyze  practically 
all  of  the  urea.  Only  about  15  per  cent  of  the  biuret  had  appeared 
in  these  two  forms  by  the  end  of  eight  days;  and  extrapolation  of 
the  curve  indicates  that  up  to  a  month  would  be  required  for  com- 
plete decomposition  of  the  added  biuret,  thus  allowing  a  consider- 
able period  of  time  for  plant  uptake  of  the  biuret  as  such. 

Buildup  or  Depletion  of  Potassium  and  Phosphorus  in 
Soils  under  Cropping  to  Coffee 

A  study  involving  total  and  partial  analysis  of  soils  of  the  Meseta 
Central  and  certain  outlying  areas  already  under  test  by  the  Coffee 
Project  was  begun  in  an  attempt  to  measure  the  relative  buildup  or 
loss  of  major  elements  during  the  several  years  that  test  plots  had 
been  in  operation.  Data  on  total  and  ammonium  acetate  exchange- 
able potassium  are  given  in  Table  2  for  five  soils  which  had  been 
under  different  treatments  for  three  to  five  years  before  collection 
of  soil  samples.  The  samples  were  taken  to  a  depth  of  eight  inches 
from  the  zone  of  application  around  each  plant. 
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TABLE  2. — Solubility  and  Buildup  of  Potassium  Under  Field  Test  by  the 

Coffee  Project  on  Five  Soils 


PPM  Potassium  in  the  Soil* 


Readily  Availablet 


Soil,  Location  and 
Age  of  Plots 


TOTAL 
POTASSIUM 


NO  POTASSIUM 
ADDED 


POTASSIUM 
ADDED  IN  TESTS 


Volcanic 

Heredia-Meseta 
(5  years) 

Semilateritic 
Alajuela-Meseta 
(5  years) 

Semilateritic 
Sarchi-Meseta 
(3  years) 

Lateritic 
LaSuiza-Turrialba 
(4  years) 

Volcanic 

Aquiares-Turrialba 
(4  years) 


8800 


3400 


3800 


2500 


8800 


112 


262 


132 


206 


491 


346 


476 


545 


578 


837 


Data  by  C.  Lopez  and  E.  Bornemisza. 

*PPM  (parts  per  million)  x  2  approximates  pounds  per  acre. 

tNH4Ac  exchangeable. 

Total  potassium  varies  quite  widely,  from  high  in  recent  volcanic 
to  low  in  lateritic  soils,  as  would  be  expected.  The  response  to  potash 
obtained  by  the  Coffee  Project  tests  was  very  high  for  La  Suiza, 
indicating  marked  deficiency  of  this  element.  Plants  treated  with 
potassium  were  several  times  the  size  of  those  not  receiving  potas- 
sium. This  correlated  with  the  analytical  data  for  total  potassium 
more  so  than  with  exchangeable  potassium  and  shows  the  impor- 
tance of  making  other  determinations  in  addition  to  exchangeable 
potassium  in  initial  survey  work  on  fertility.  Hot  perchloric-acid- 
soluble  potassium,  which  is  intermediate  between  total  and  ex- 
changeable, showed  the  same  order  of  correlation,  but  the  data  are 
not  reported  because  the  method  of  analysis  is  not  yet  sufficiently 
refined. 

Of  particular  interest  is  the  difference  between  the  plots 
receiving  potassium  in  the  tests  and  those  carried  without  adding 
potassium.  An  average  difference  of  326  parts  per  million  of 
exchangeable  potassium  exists  either  as  a  result  of  buildup  due  to 
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treatment  or  differential  removal  by  the  crop  in  the  absence  of 
maintenance,  or  both.  Pretest  samples  were  not  taken  at  the  be- 
ginning of  the  experiments,  making  it  impossible  to  determine 
which  had  taken  place.  The  value  of  such  initial  samples  would  be 
to  indicate  whether  or  not  the  soil  is  being  mined  or  if  uneconomi- 
cal reserves  are  being  built  up.  This  same  type  of  data  should  be 
obtained  for  calcium,  magnesium,  and  phosphorus,  if  possible, 
whenever  comprehensive  experimental  tests  are  laid  out,  although 
evaluation  of  data  for  phosphorus  will  be  difficult  unless  better 
methods  of  estimating  available  reserves  are  developed. 

Plant  Starch  Reserves  and  Coffee  Production 

The  study  of  starch  reserves  was  initiated  after  the  Laboratory 
was  transferred  to  its  new  location;  and,  as  a  result,  little  progress 
had  been  made  up  to  December  of  1957.  This  is  one  of  the  most 
important  of  all  investigations  on  coffee  if  further  increase  in  coffee 
production,  over  and  above  the  already  phenomenal  response  to 
existing  practices,  is  to  be  obtained.  A  considerable  portion  of  the 
coffee  (cherry  crop)  falls  before  harvest  each  year.  In  some  years 
this  constitutes  a  major  portion  of  the  crop  in  certain  areas.  Work  in 
Hawaii  shows  that  the  coffee  plant  is  unique  in  that  it  stores  starch 
in  the  leaves  in  quantities  up  to  20  per  cent  of  the  dry  weight  of  the 
leaf.  This  is  then  depleted  by  cherry  development  and  plant  growth 
until  it  drops  to  as  little  as  1  per  cent.  On  certain  heavily  loaded 
branches  the  older  leaves  appear  to  have  served  their  function  and 
drop  before  the  associated  cherry  crop  is  harvested,  while  in  others 
the  leaves  persist  and  appear  to  be  functioning.  It  is  postulated 
that  depletion  of  the  starch  in  the  older  leaves  induces  abscission  of 
those  leaves,  which  causes  them  to  drop,  indicating  too  heavy  a 
simultaneous  withdrawal  of  the  starch  by  the  cherries  and  the  grow- 
ing branches.  Subsequently,  part  of  the  cherries  fall  because  of  a 
lack  of  carbohydrate  to  sustain  continued  development.  If  it  were 
possible  either  to  increase  starch  storage  or  to  time  growth  of  new 
wood  to  a  period  that  would  be  less  competitive  with  crop  devel- 
opment, a  greater  portion  of  the  cherries  might  be  retained. 

It  is  known  that  a  high  nitrogen  level  encourages  plant  growth, 
while  a  high  ratio  of  potassium  to  nitrogen  encourages  starch  stor- 
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age.  Changing  the  timing  of  these  two  elements  in  the  fertilization 
cycle  needs  to  be  studied  with  respect  to  its  effect  on  starch  ac- 
cumulation at  certain  periods  and  its  rate  of  depletion  during  the 
period  of  maximum  cherry  drop.  Work  on  this  project  apparently 
was  discontinued  because  of  inconclusive  starch  analyses. 

The  need  of  Costa  Rica  for  technical  assistance  in  soils  research 
will  be  great  for  several  years  but  eventually  should  be  eliminated 
by  the  program  of  education  of  Costa  Rican  technicians  now  under 
way  both  in  Costa  Rica  and  abroad.  The  main  lack  is  a  large  back- 
log of  experienced  personnel  who  can  draw  on  each  other  for  advice 
and  criticism.  There  is  a  wealth  of  ability,  enthusiasm,  and  energetic 
support  of  both  basic  and  applied  research. 
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Soil  Laboratory  Accomplishments 

he  Laboratorio  Quimico  de  Investigaciones  Agro- 
nomicas  of  STICA  and  MAI  was  established  in  1956 
to  solve  basic  and  practical  problems  in  Costa  Rican  agronomy, 
and  an  agreement  signed  in  1956  between  STICA,  MAI,  and  the 
University  of  Costa  Rica  established  facilities  for  this  type  of  re- 
search work.  In  1957  a  new  soils  laboratory  was  constructed  on 
the  campus  of  the  University  of  Costa  Rica  in  San  Pedro,  and  since 
that  time  research  investigations  have  been  conducted  under  satis- 
factory working  conditions.  In  accordance  with  the  terms  of  the 
1956  agreement,  the  Laboratory  and  some  of  its  personnel  were 
transferred  to  the  University  on  November  1,  1960. 

The  Laboratory  holds  a  unique  position  in  the  over-all  agricul- 
tural picture  of  Costa  Rica  in  that  it  is  the  only  laboratory  in  the 
country  dedicated  to  the  study  of  fundamental  soil  and  plant  nutri- 
tional problems  which  will  directly  benefit  the  farmer.  Since  coffee 
is  the  major  export  crop  of  the  country,  research  work  to  date  has 
been  concentrated  on  soil-plant  nutritional  phases  of  coffee  produc- 
tion, with  special  emphasis  on  fertilizer  requirements;  and  field  and 
greenhouse  experiments  now  in  progress  ( 1960 )  will  in  time  yield 
additional  information  concerning  the  nutritional  requirements  of 
coffee.  It  is  now  time,  however,  for  research  work  at  the  Laboratory 
to  be  extended  to  cover  all  major  farm  crops. 

The  Laboratory's  position  with  respect  to  soil  and  plant  analyses 
and  nutritional  problems  in  the  agriculture  of  Costa  Rica  might  be 
pictured  as  a  wagon  wheel  with  many  spokes — the  hub  being  the 
Laboratory,  the  many  spokes  the  various  projects,  and  the  rim  the 
farmers  of  Costa  Rica.  Soil  and  plant  samples  or  questions  would 
pass  from  the  rim  (farmers)  by  means  of  the  spokes  (Agricultural 
Extension  Service )  to  the  hub  ( Laboratory )  where  chemical  analy- 
ses and  recommendations  would  be  made.  This  information  would 
then  be  returned  to  the  rim  by  means  of  the  spokes. 

Results  of  its  experimental  and  cooperative  work  have  placed  the 
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Laboratory  in  a  good  position  to  recommend  fertilizers  for  differ- 
ent crops,  especially  those  needing  potassium  or  phosphorus.  Ex- 
periments have  already  given  a  good  indication  as  to  the  responses 
that  may  be  expected  when  fertilizer  potassium  is  added  to  a  soil 
containing  a  known  amount  of  chemically  extractable  potassium. 
Forthcoming  results  of  more  comprehensive  experiments  with  phos- 
phorus are  expected  to  give  a  good  indication  of  the  needs  of  phos- 
phorus for  any  soil  in  Costa  Rica  if  the  appropriate  soil  analyses 
are  available. 

General  Research  Summary 

Rather  than  giving  a  detailed  discussion  of  the  Laboratory's  ac- 
complishments during  its  first  two  years,  the  work  is  herewith  sum- 
marized under  several  general  headings. 

Greenhouse 

For  the  first  time  a  greenhouse  was  used  extensively,  and  the 
various  plant  nutritional  experiments  were  very  informative  and 
yet  cost  little  in  comparison  to  experimental  field  research.  Some 
of  the  experimental  work  in  the  greenhouse  was  conducted  in  water 
solutions,  that  is,  plants  were  grown  in  a  solution  of  water  contain- 
ing all  the  necessary  nutrient  mineral  elements  for  plant  growth. 
The  first  experiment  of  this  type  was  conducted  to  determine  the 
deficiency  symptoms  manifested  by  the  coffee  plant  when  grown 
in  the  absence  of  one  element.  Results  were  extremely  informative. 
Deficiencies  of  iron,  calcium,  phosphorus,  sulphur,  nitrogen,  mag- 
nesium, manganese,  potassium,  and  boron  have  been  produced 
under  this  method  of  cultivation.  Leaf  samples  were  obtained  from 
all  deficient  plants  so  that  chemical  analyses  could  be  made  to  de- 
termine the  quantity  of  the  deficient  element  in  the  plant.  In  this 
manner  a  certain  amount  of  corroboration  can  be  made  with  coffee- 
leaf  samples  brought  in  by  farmers  or  technicians  from  plants  that 
are  not  growing  properly,  or  that  are  deficient  in  one  or  more  ele- 
ments. Another  experiment  was  conducted  in  solution  culture  to 
determine  the  quantity  of  nitrogen  necessary  for  the  maximum 
growth  of  the  plant.  In  this  experiment  coffee  plants  were  grown 
for  about  a  year  in  the  greenhouse.  Chemical  analyses  for  nitrate 
nitrogen  are  being  made  at  the  present  time  to  determine  not  only 
the  concentration  of  nitrate  best  correlated  with  the  maximum  plant 
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growth,  but  also  what  part  of  the  plant  is  the  best  indicator  for 
changes  in  the  nitrogen  contents  in  the  solution  ( or  in  the  soil ) . 

The  other  method  that  is  being  used  in  the  greenhouse  for  experi- 
mental work  is  to  use  soil  obtained  from  the  field.  Several  such 
experiments  have  been  conducted,  of  which  one  was  to  determine 
the  potassium-supplying  power  of  different  soils,  and  another  to 
determine  the  phosphorus-supplying  power  of  20  virgin  coffee  soils. 

The  results  of  all  these  greenhouse  experiments  are  available  to 
the  technicians  located  in  San  Jose,  and  commercial  and  govern- 
ment technicians  alike  displayed  great  interest  in  the  experiment 
covering  deficiency  symptoms  of  coffee.  Several  people  visited  the 
Laboratory  almost  every  week  to  examine  the  various  experimental 
plants  and  to  observe  the  several  deficiencies.  In  most  instances  the 
greenhouse  experiments  were  augmented  by  chemical  analyses  in 
the  Laboratory  in  order  to  obtain  a  more  thorough  evaluation  of 
the  results. 

Laboratory 

At  the  present  time  laboratory  facilities  permit  the  chemical 
analysis  in  plant  and  soil  samples  for  nitrogen,  potassium,  iron, 
phosphorus,  calcium,  magnesium,  boron,  manganese,  sulphur,  and 
molybdenum;  also  pH,  organic  matter  content,  and  exchange  ca- 
pacity of  soils  are  determined  when  necessary.  Procedures  have 
also  been  developed  to  permit  fractioning  the  various  soil  phos- 
phorus compounds.  The  results  of  these  analyses  are  of  direct  bene- 
fit to  the  research  progress  of  the  people  in  the  Laboratory  and  are 
of  much  value  to  research  personnel  in  other  projects,  as  well  as  to 
commercial  technicians  employed  by  fertilizer  companies  and  to 
farmers.  Results  of  soil  analyses  have  led  to  the  publication  of  sev- 
eral articles  dealing  with  the  chemical  characterization  of  the  soils 
of  Costa  Rica.  With  the  techniques  already  developed  and  with  the 
possibility  of  future  analyses,  a  chemical  analysis  soil-survey  of  the 
major  agricultural  producing  areas  of  the  country  can  be  made. 

Field  Experiments 
The  third  phase  of  research  conducted  by  the  Laboratory  is  that 
known  as  field  work.  In  this  type  of  research  the  Laboratory  is  re- 
sponsible for  experimental  work  conducted  in  fields  of  cooperating 
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farmers  or  at  the  farms  of  the  University  of  Costa  Rica.  Results  of 
such  field  experiments  have  been  very  rewarding;  for  example,  one 
experiment  with  coffee  plants  indicated  that  phosphorus  applica- 
tions below  the  surface  of  the  soils  were  much  more  satisfactory 
than  surface  applications.  In  a  field  experiment  supplemented  by 
one  in  the  greenhouse,  spray  applications  of  10  per  cent  sugar  in 
water  solutions  were  proved  effective  in  preventing  the  wilting  of 
young  coffee  plants  when  transplanted  to  the  field.  Also,  leaf  and 
soil  analyses  were  used  in  conjunction  with  fertility  tests  in  the  field 
for  a  more  accurate  determination  of  the  optimum  fertility  levels 
for  the  coffee  plants. 

Research  Work 

One  of  the  phases  involved  in  growing  plants  is  their  nutritional 
requirements  or  fertilizer  needs.  Plant  requirements  are  not  de- 
pendent on  the  total  amount  of  nutrients  or  elements  in  the  soil  but 
on  the  amount  that  is  available  (plant  available).  Different  plants 
have  different  nutritional  requirements,  and  different  soils  have  the 
ability  to  release  different  quantities  of  the  different  nutrients  even 
if  the  total  quantities  in  the  soils  are  the  same. 

There  are  several  methods  to  determine  the  availability  of  a  par- 
ticular element  in  the  soil.  A  simple  field  experiment  may  be  con- 
ducted to  determine  if  a  soil  is  deficient  in  a  nutrient  element  such 
as  potassium  by  applying  it  to  one  area  and  leaving  it  off  another 
similar  area.  Although  this  type  of  experiment  could  be  projected 
to  determine  if  there  were  a  separate  response  to  each  nutrient  ele- 
ment known  to  be  essential  for  plant  growth,  it  would  involve  con- 
siderable expense,  especially  where  the  soil  types  vary  widely  within 
a  rather  small  area.  The  ideal  situation  would  be  to  utilize  some 
other  method  to  determine  or  to  predict  if  a  soil  is  deficient  in 
potassium  or  any  other  element.  One  such  method  would  be  testing 
the  soils  in  a  greenhouse,  using  an  indicator  crop  that  grows  well 
under  the  conditions  imposed.  Although  results  from  greenhouse 
experiments  are  not  completely  applicable  to  field  conditions,  the 
method  is  much  less  expensive  and  much  more  precise  than  the  field 
experimental  methods,  because  environmental  conditions  and  in- 
sects and  diseases  are  more  easily  controlled.  In  conjunction  with 
the  same  problem  it  would  be  ideal  if  a  chemical  method  of  analysis 
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of  soil  or  plant  could  be  developed  so  that  predictions  as  to  the 
fertilizer  requirements  of  different  crops  could  be  known  simply 
by  a  soil  analysis,  rather  than  the  expensive  field  experimental  ap- 
proach or  the  greenhouse  approach,  which  is  more  time-consuming. 
Two  of  the  essential  elements  in  plant  nutrition — potassium  and 
phosphorus — studied  in  such  greenhouse  experiments  with  soils 
collected  from  various  areas  of  Costa  Rica  will  be  explained  in 
more  detail  to  illustrate  one  method  of  experimentation  now  being 
utilized  by  the  Laboratory. 

Potassium. — Fourteen  different  virgin  soils  having  widely  vary- 
ing characteristics  were  collected  from  the  field  and  placed  in  pots 
in  the  greenhouse,  where  they  were  fertilized  with  all  essential  ele- 
ments except  potassium.  Pangolagrass  was  used  as  the  indicator 
crop  to  determine  which  soils  were  deficient  in  potash  because  it  has 
a  rather  large  requirement  for  potassium.  It  grows  rapidly  and  will 
regrow  after  cutting,  permitting  many  harvests  to  be  made.  During 
this  experiment,  which  continued  for  almost  a  year,  eleven  separate 
cuttings  were  made.  Separate  portions  of  each  soil  were  treated  with 
seven  different  potassium-extracting  solutions  in  an  effort  to  find 
one  that  would  be  suitable  for  the  majority  of  the  soil  types  found 
in  Costa  Rica.  Potassium  analyses  were  correlated  with  potassium 
extracted  by  the  grass  and  also  the  yield  of  the  grass.  The  methods 
previously  used  by  the  Laboratory  for  potassium  analyses  proved 
to  be  very  satisfactory  for  predicting  whether  or  not  a  soil  was 
deficient  in  the  element.  One  of  these  methods  was  used  during 
the  experimental  period  to  determine  the  amount  of  extractable 
potassium  below  which  a  deficiency  would  occur  in  plants.  In  al- 
most all  instances  when  the  potassium  content  dropped  below  100 
pounds  of  potassium  per  acre  (extracting  with  neutral  normal  am- 
monium acetate),  the  deficiency  of  this  element  in  the  plant  (and 
reduced  plant  growth)  could  be  observed  during  the  next  growth 
cycle  after  cutting.  There  did  not  seem  to  be  any  relationship  be- 
tween the  potassium-supplying  power  of  the  soil  and  the  structure 
or  origin  of  the  soils.  Still,  there  was  no  doubt  but  that  addition  of 
potassium  fertilizers  would  result  in  a  large  yield  response  if  a  soil 
test  indicated  that  the  soil  contained  less  than  100  pounds  of  potas- 
sium per  acre. 
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These  results  would  seem  to  be  applicable  to  most  of  the  Costa 
Rican  soils  and  to  the  majority  of  the  crops  grown  thereon.  For  ex- 
ample, should  a  farmer  bring  in  a  cotton-field  sample  that  had  only 
30  pounds  of  potassium  per  acre  according  to  the  soil  test,  there 
would  be  a  definite  need  to  recommend  additions  of  potassium  in 
the  fertilizer.  On  the  other  hand,  if  the  soil  test  indicated  the  pres- 
ence of  500  pounds  of  potassium  per  acre  it  would  be  safe  to  leave 
potassium  out  of  the  fertilizer  for  that  crop.  To  be  within  the  limits 
of  error  it  would  probably  be  well  to  suggest  that  values  below  150 
pounds  of  potassium  per  acre  would  indicate  the  need  for  potassium 
fertilization  and  that  values  greater  than  150  pounds  would  safely 
indicate  that  the  soils  were  not  deficient  in  this  element. 

Phosphorus. — The  problem  of  phosphorus  in  plant  nutrition  and 
its  reactions  in  soils  is  similar  to,  but  more  complicated  than,  that 
of  potassium  because  phosphorus  may  be  fixed  or  rendered  unavail- 
able by  iron,  aluminum,  calcium,  and  other  less  important  elements. 
Certain  soils  in  Costa  Rica  are  high  in  iron  and  aluminum,  while 
others  are  rather  high  in  calcium.  Because  of  this  large  difference 
it  is  very  difficult  to  recommend  a  given  amount  of  phosphorus 
fertilizer  for  all  soils.  Furthermore,  analyses  of  one  soil  may  reveal 
a  given  amount  of  phosphorus  that  would  be  considered 
plant-available  phosphorus,  while  the  same  extraction  procedure  in 
another  soil  may  yield  a  different  amount  of  phosphorus,  when, 
actually,  both  soils  would  have  the  same  amount  of  plant-available 
phosphorus.  To  complicate  the  over-all  picture,  not  only  do  plants 
have  different  phosphorus  requirements,  but  they  differ  in  their 
abilities  to  absorb  or  extract  what  might  be  considered  slightly 
unavailable  phosphorus.  Also,  for  example,  lettuce  and  tomatoes 
require  a  large  amount  of  phosphorus  over  a  relatively  short  grow- 
ing period,  while  tree  crops  such  as  coffee  and  citrus  do  not  require 
such  a  large  amount  in  a  short  period  but  rather  a  small,  continuous 
supply  over  a  long  period. 

With  these  points  in  mind  an  extensive  experiment  was  designed 
to  determine  ( 1 )  the  phosphorus-fixing  capacities  and  phosphorus 
availability  of  virgin  Costa  Rican  soils,  (2)  the  various  forms  of 
phosphorus  in  these  soils,  ( 3 )  the  ability  of  soils  to  release  unavail- 
able forms,  (4)  plant  growth  responses  to  fertilizer  phosphorus,  (5) 
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the  chemical  methods  for  extracting  phosphorus  in  soil  samples  that 
would  give  a  good  indication  of  the  phosphorus  availability  in  soil 
for  plant  growth,  and  (6)  the  relationships  between  soil-extractable 
phosphorus,  plant  phosphorus  contents,  and  plant  yields  on  differ- 
ent soils.  The  more  practical  aspects  of  these  results  would  be  to 
determine  ( 1 )  the  soil  types  inherently  deficient  in  phosphorus  and 
the  quantity  of  fertilizer  phosphorus  needed  to  produce  normal 
plant  growth  in  deficient  soils,  (2)  the  ability  of  these  various  soils 
to  release  phosphorus,  and  (3)  a  method  for  chemically  extracting 
soil  phosphorus  that  would  satisfactorily  tell  or  predict  if  the  soil 
would  be  deficient  in  phosphorus  and  therefore  would  respond  to 
phosphorus  fertilization. 

The  experiment,  conducted  under  the  direction  of  Alejandro 
Acevedo,  was  designed  to  utilize  20  previously  unfertilized  and 
different  soil  types  located  within  the  major  coffee-growing  areas 
of  Costa  Rica:  the  Meseta  Central,  the  area  near  Tilaran,  and  the 
area  near  San  Vito  de  Java  close  to  Panama.  Sufficient  quantities 
of  each  soil  were  brought  to  the  Laboratory  for  use  in  the  green- 
house phases  of  the  work.  All  soils  were  fertilized  with  adequate 
quantities  of  the  essential  elements  except  phosphorus  and  then  each 
soil  was  divided  into  four  separate  parts,  each  receiving  rates  of 
0,  60,  120,  and  180  pounds  of  P2O5  per  acre  (as  monopotassium 
phosphate).  After  being  placed  in  small  tin  cans  the  soils  were 
planted  to  Criollo  sorghum.  Two  similar  experiments  were  initiated, 
using  coffee  seedlings  and  red  clover  as  the  indicator  plants.  In  total, 
therefore,  each  of  20  soils  received  four  different  rates  of  phos- 
phorus fertilizer  upon  which  were  grown  three  types  of  plants. 

Sorghum. — For  the  sake  of  brevity,  it  is  sufficient  to  state  that 
sorghum  plants  were  harvested  three  separate  times  when  growth 
conditions  permitted.  In  certain  of  the  soils  sorghum  growth  was  so 
poor  that  only  one  or  two  cuttings  could  be  made.  Height  and  dry 
weight  yield  measurements  were  taken  at  each  cutting,  and  the 
material  was  saved  for  chemical  analyses.  Results  from  the  first  har- 
vest indicated  that  plants  growing  on  10  of  the  20  soils  responded 
significantly  to  increasing  applications  of  phosphorus.  This  means 
that  an  increase  of  phosphorus  fertilization  resulted  in  an  increase 
in  plant  growth.  The  remainder  did  not  respond  to  applications  up 
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to  the  maximum  applied  (180  pounds).  Either  not  enough  phos- 
phorus was  applied  even  at  the  180-pound  rate  to  stimulate  plant 
growth  or  some  other  factor  was  responsible  for  the  lack  of  plant 
growth.  Plant  growth  on  the  red  soil  from  San  Vito  was  so  poor 
that  no  regrowth  could  have  been  expected  and  this  soil  was  dis- 
carded from  the  experiment  after  the  first  harvest.  Responses  be- 
tween the  first  and  second  cuttings  showed  that  plants  growing  on 
14  of  the  soils  responded  to  increases  in  phosphorus  applications. 
This  included  four  of  the  soils  that  failed  to  respond  at  the  time  of 
first  cutting.  On  the  other  hand,  a  soil  from  San  Josecito  (Curri- 
dabat)  did  not  respond  to  increasing  rates  of  phosphorus  although 
the  yield  even  from  the  0  rate  was  greater  than  yields  from  most  of 
the  other  soils.  The  soils  which  failed  to  respond  were  four  soils 
that  had  responded  very  well  for  both  the  first  and  the  second 
cuttings.  Yield  differences  among  soils  were  extremely  large,  espe- 
cially during  the  first  and  second  harvests  where  differences  were 
about  20  times  greater  between  the  largest  and  smallest  dry  matter 
production.  There  was  also  a  large  difference  in  yields  between  0 
and  180-pound  P2O5  applications,  the  latter  producing  twice  as 
much  as  the  former.  More  sorghum  was  produced  at  the  second 
harvest  than  at  the  first  and  more  at  the  third  than  at  the  second. 

Soils  could  be  separated  into  the  following  rather  distinct  groups 
when  compared  on  a  basis  of  the  sorghum  growth  for  the  three 
harvests  and  at  the  four  different  rates  of  phosphorus:  (1)  soils 
where  there  was  little  or  no  growth  up  to  the  second  harvest,  re- 
gardless of  phosphorus  rate,  but  where  there  was  a  rather  marked 
increase  in  yield  at  the  third  harvest  with  increasing  rates  of  phos- 
phorus (little  yield  at  0  rate  but  considerable  yield  at  the  180  pound 
rate ) ;  ( 2 )  soils  that  yielded  considerably  more  sorghum  at  the 
third  harvest  compared  to  the  first  harvest  at  the  0  rate  of  phos- 
phorus, and  where  there  was  some  response  to  increasing  rates  of 
phosphorus  at  the  first  harvest  date,  but  where  there  was  little  re- 
sponse above  the  60-pound  level  for  the  second  and  third  harvests; 
(3)  others  that  gave  no  growth  response  with  increasing  phos- 
phorus rates  at  the  first  harvest,  showed  some  response  to  phos- 
phorus at  the  second  harvest  (but  the  over-all  growth  was  not  very 
large)   and  although  responding  to  increasing  rates  of  phosphorus 
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at  the  third  harvest,  yielded  extremely  well  even  at  the  0  rate  of 
phosphorus.  This  last  type  of  response  may  possibly  be  associated 
with  the  ability  of  the  soil  to  release  plant-unavailable  phosphorus 
to  a  plant-available  state  over  a  period  of  time. 

One  of  the  most  interesting  points  is  that  yields  from  the  first 
harvest  of  sorghum  from  a  particular  soil  did  not  always  indicate 
what  production  might  be  expected  for  three  harvests.  For  example, 
some  soils  did  not  produce  extremely  large  yields  at  the  first  har- 
vest, but  the  relative  yields  of  the  second  and  of  the  combined 
three  harvests  were  rather  large.  This  indicates  that  there  was  either 
some  residual  release  of  phosphorus  from  these  soils  over  a  long 
period  of  time,  or  that  the  sorghum  plants  were  able  to  utilize  rela- 
tively unavailable  soil  phosphorus  in  the  soil  to  a  better  degree  once 
the  root  system  had  become  established.  Yields  for  sorghums  in- 
creased in  almost  a  straight  line  for  the  first  and  second  harvests, 
while  yield  lines  for  the  third  and  total  harvests  tended  to  fall  oif 
after  the  120-pound-per-acre  rate.  Although  all  heights  measure- 
ments of  sorghum  taken  prior  to  the  first  harvest  indicated  a 
straight-line  response  to  increasing  phosphorus,  the  measurements 
obtained  immediately  before  the  first  harvest  had  a  much  steeper 
slope  than  those  taken  only  17  days  after  planting,  indicating  that 
growth  differences  were  not  as  large  in  the  early  stages   ( Fig.  1 ) . 
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Red  Clover. — Red  clover  seed  was  planted  at  about  the  same  time 
as  the  sorghum,  but  germination  was  very  poor  in  many  of  the  soils. 
Seedlings  germinated  in  marble  chips  were  transplanted,  but  be- 
cause of  the  poor  growth  only  one  harvest  was  made.  The  best- 
yielding  soil  produced  about  15  times  more  plant  material  than  did 
the  poorest.  There  was  a  marked  response  to  phosphorus  additions, 
with  the  180-pound  rate  resulting  in  yields  about  twice  that  of  the 
0  rate.  With  clover,  there  were  10  soils  that  did  not  respond  to 
additions  of  phosphorus  up  to  the  rate  of  180  pounds  per  acre.  This 
condition  was  very  similar  to  that  encountered  in  the  first  harvest 
of  sorghum.  Clover  growth  in  most  of  these  nonresponsive  soils, 
however,  would  have  stopped  after  one  cutting,  while  sorghum 
growth  continued  in  most  of  them.  Yields  of  clover  resulted  in 
near  straight-line  responses  to  increasing  additions  of  phosphorus 
(Fig.l). 

Coffee. — Coffee  seedlings  were  transplanted  from  inert  ver- 
miculite  into  the  various  soils  used  in  the  experiment.  Classifications 
as  to  the  rate  of  growth  and  the  general  over-all  appearance  of  the 
plants  (visual  ratings)  were  made  about  four  months  after  trans- 
planting. Height  measurements  were  taken  at  the  time  of  harvest, 
and  all  plants  were  weighed  to  determine  the  dry-matter  content 
produced  over  a  period  of  about  six  months.  Ten  of  these  soils  pro- 
duced plants  that  responded  to  applications  of  phosphorus.  The  soil 
that  produced  the  most  total  growth,  however,  did  not  respond  to 
phosphorus  (yields  at  the  0  rate  and  180-pound  rate  were  large  but 
equal).  Of  the  10  soils  that  responded  to  additions  of  phosphorus, 
6  did  not  respond  to  more  than  the  60-pound  rate;  only  2  soils  out 
of  the  20  responded  to  more  than  120  pounds  of  phosphorus  per 
acre.  Again  there  were  10  soils  that  did  not  respond  to  P2O5  at 
rates  of  180  pounds  per  acre.  Most  of  these  soils  produced  plants 
with  very  chlorotic  leaves;  the  symptoms  appeared  to  be  similar 
to  those  of  phosphorus  deficiency  produced  in  nutrient  culture  in 
another  experiment.  For  the  best  soil  the  yield  was  about  15  times 
greater  than  that  of  the  poorest,  regardless  of  the  level  of  phos- 
phorus chosen  for  comparison.  The  line  for  coffee  yields  indicates  a 
tremendous  response  at  the  60-pound  level  of  phosphorus  and  then 
a  leveling  out  of  the  response  up  to  the  180-pound  level  (Fig.  1). 
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Table  1  shows  the  correlation  coefficients  among  the  various 
measurements  of  plant  growth.  It  can  be  seen  that  all  the  correla- 
tions were  significant  at  least  at  the  5  per  cent  level. 

All  the  correlations  between  height  measurements  or  visual  classi- 
fication of  growth,  and  the  yields  of  a  particular  plant  species  were 
extremely  good.  For  example,  dry  weight  coffee  yields  and  coffee 
heights  at  harvesting  had  a  correlation  coefficient  of  0.97.  This 
indicates  that  in  future  tests  coffee  height  measurements  would  be 
as  satisfactory  a  means  of  measuring  response  to  phosphorus  as  dry 
weight  yields. 

Results  of  the  experiments  with  phosphorus  are  not  complete 
because  data  on  the  phosphorus  contents  of  the  various  plants  and 
soils  are  lacking.  It  is  hoped  that  when  they  are  available,  correla- 
tions   between    methods    of    soil-phosphorus   extraction,   yields    of 


TABLE  1. — Correlation  Coefficients  Among  Various  Growth  Measurements 
of  Plants  Growing  at  Four  Levels  of  Soil  Phosphorus  and  in  20  Different 

Soils 

Correlation 
Comparisons Coefficient  (r) 

1.  Fresh  weight  red  clover  yields  and  dry  weight  sorghum 

yields,  first  harvest.  +0.51* 

2.  Dry  weight  coffee  yields  and  dry  weight  sorghum  yields, 

first  harvest.  -f-  0.75* 

3.  Fresh  weight  red  clover  yields  and  dry  weight  coffee  yields.  +0.67* 

4.  Fresh  weight  red  clover  yields  and  total  dry  weight 

yields  of  3  sorghum  harvests.  +  0.26f 

5.  Dry  weight  coffee  yields  and  total  dry  weight  yields 

of  3  sorghum  harvests.  +0.71* 

6.  Dry  weight  coffee  yields  and  coffee  heights.  +  0.97* 

7.  Dry  weight  coffee  yields  and  visual  ratings  of  coffee 

plants  made  63  days  before  harvest.  +  0.90* 

8.  Dry  weight  yields  of  first  sorghum  harvest  and  total  dry 

weight  yields  of  3  sorghum  harvests.  +  0.69* 

9.  Height  of  sorghum  plants  at  first  harvest  and  total  dry 

yields  of  3  sorghum  harvests.  +  0.71* 

10.  Sorghum  height  July  28,  and  dry  weight  yields  of  sorghum, 

first  harvest,  September  3  +0.75* 

11.  Sorghum  height,  August  25,  and  dry  weight  yields  of 

sorghum,  first  harvest,  September  3.  +  0.95* 

12.  Sorghum  height,  August  28,  and  dry  weight  yields  of  sorghum 

first  harvest,  Septembrr  3.  +  0.97* 

*Significant  at  1  per  cent  level. 
tSignificant  at  5  per  cent  level. 
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plants,  and  the  quantities  of  phosphorus  absorbed  by  the  plants, 
will  give  sufficient  information  for  sound  phosphorus  fertilization 
recommendations. 

General  Results 

In  summary,  ( 1 )  about  half  the  soils  tested  responded  extremely 
well  to  additions  of  phosphorus  up  to  180  pounds  per  acre  of 
P2O5  for  the  three  crops:  coffee,  sorghum,  and  red  clover.  That  the 
other  soils  did  not  respond  well  even  at  the  highest  rate,  indicated 
either  that  insufficient  phosphorus  was  supplied  or  that  some  other 
element  was  limiting  or  toxic.  (2)  When  the  soils  were  averaged 
the  over-all  response  to  phosphorus  was  outstanding.  Of  the  13 
different  growth  measurements  made  (yields,  heights  visual  rat- 
ings, etc.)  a  marked  response  was  obtained  in  all  instances.  (3) 
The  rather  good  correlations  obtained  between  sorghum,  clover, 
and  coffee  yields  indicated  that  the  soils  would  generally  produce 
approximately  the  same  relative  yields,  regardless  of  which  of  the 
three  crops  was  used. 

Generally  speaking,  the  soils  from  San  Vito  de  Java  were  the 
poorest,  while  the  two  samples  from  Tilaran  produced  good  plant 
growth.  No  obvious  relationship  existed  between  general  soil  type 
or  origin  (lateritic,  volcanic,  or  alluvial)  and  plant  growth,  but 
there  appeared  to  be  some  positive  relationship  between  level  of 
soil  calcium  and/or  percentage  of  R2O3  (iron  and  aluminum  ox- 
ides) and  plant  growth. 

In  an  effort  to  determine  why  some  of  the  soils  did  not  respond 
to  phosphorus,  even  at  the  highest  rate,  a  simple  four-pot  test  was 
initiated.  The  lateritic  soil  from  San  Vito,  in  which  none  of  the 
plant  species  grew  satisfactorily,  was  used.  Rates  of  phosphorus 
application  were  120,  240,  360,  and  480  pounds  per  acre.  Sorghum 
growth  was  poor  for  all  treatments.  About  three  weeks  later  addi- 
tional phosphorus  was  added  to  one  of  the  pots  and  limestone  to 
another  to  make  the  following  treatments:  (1)  120  pounds,  (2) 
240  pounds,  (3)  1,320  pounds,  and  (4)  480  pounds  per  acre  of 
P2O5  plus  4,000  pounds  per  acre  of  agricultural  limestone.  Six 
weeks  later  there  was  a  tremendous  difference  in  growth.  In  soils 
receiving  the  extremely  large  1,320-pound  rate  of  phosphorus  and 
the  480-pound  rate  of  phosphorus  plus  lime,  the  sorghum  grew  very 
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well.  Growth  in  the  other  two  was  extremely  small.  Because  of  this 
marked  response  another  small  experiment  was  immediately  initi 
ated  with  the  same  soil  in  which  sorghum  again  was  used,  and  the 
various  rates  of  phosphorus  were  as  follows:  100,  500,  1,000, 
1,500,  and  3,000  pounds  of  P2O5  per  acre.  The  same  treatments 
were  repeated  with  the  addition  of  4,000  pounds  of  lime  per  acre. 
The  differences  in  growth  at  three  weeks  was  very  noticeable. 
Plants  in  those  pots  receiving  lime  were  growing  very  rapidly  as 
compared  to  those  in  pots  not  receiving  lime,  but  unless  1,500  or 
3,000  pounds  of  phosphorus  was  applied,  sorghum  growth  even  in 
the  limed  pots  were  reduced  considerably. 

This  latter  information  is  a  typical  example  of  soil  research  work 
at  its  best — the  utilization  of  a  new  finding  or  idea  to  clarify  certain 
unknowns  of  a  large  experiment.  This  work  not  only  has  great  value 
for  Costa  Rica  but  is  also  of  extreme  interest  to  soil  specialists  in 
other  Latin  American  countries  and  in  the  United  States.  Through 
its  direct  service  to  farmers  (sample  analyses,  etc.)  and  indirectly 
through  results  of  its  research  work,  the  Laboratory  can  be  of  in- 
valuable aid  in  the  development  of  agriculture  in  Costa  Rica. 

Cooperation 

Because  of  its  position  with  respect  to  other  projects  in  the  field 
of  agriculture,  the  STICA-MAI  Laboratory  has  had  the  opportunity 
of  cooperating  with  a  number  of  different  agencies  in  Costa  Rica. 
In  addition  to  the  greenhouse  and  Laboratory  work  and  the  fact- 
gathering  visits  by  commercial  and  government  technicians  and 
farmers,  there  was  direct  cooperation  between  the  Laboratory  and 
various  other  projects  and  agencies  by  means  of  chemical  analyses 
and  research  reports. 

The  cooperative  help  that  the  Laboratory  rendered  in  1959  is 
reflected  in  the  number  of  plant  and  soil  samples  that  were  chemi- 
cally analyzed  for  various  projects:  Plant  analyses — Project  23  (cof- 
fee), 352;  Interamerican  Institute  of  Agricultural  Sciences,  1,000; 
samples  from  farmers  and  commercial  technicians,  781.  Soil  analy- 
ses— Project  29  (pastures),  94;  Project  23  (coffee),  39;  Project 
22  (cacao),  15;  Project  10  (irrigation),  47;  Interamerican  Insti- 
tute of  Agricultural  Sciences,  41;  samples  from  farmers  and  com- 
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mercial  technicians,  245.  In  all,  about  2,500  soil  and  plant  samples 
were  submitted  for  analyses  during  1959  and  about  7,000  individual 
chemical  analyses  were  made. 

Publications 
Even  though  the  Laboratory  had  been  functioning  in  the  new 
building  for  less  than  three  years,  the  over-all  benefits  of  its  con- 
centrated research  program  were  evidenced  in  its  publications.  The 
bulletins  and  mimeographed  papers  published  at  the  completion  of 
certain  phases  of  the  research  work  conducted  at  the  Laboratory  are 
listed  below.  Most  of  this  information  has  been  sent  to  all  extension 
agents  and  technicians  in  Costa  Rica  and  some  of  the  information 
has  gone  to  the  major  coffee-growing  areas  in  Latin  America. 

1.  MAI  and  STIC  A  Information  Tecnica  No.  3,  1957,  Resulta- 
dos  del  andlisis  foliar  del  cafeto  en  Costa  Rica,  by  Gil  Chaverri  R., 
Elemer  Bornemisza,  and  Francisco  Chaves  S.  Information  concerns 
the  mineral  contents  of  coffee  leaves,  the  seasonal  variation  effect, 
and  the  effect  of  leaf  position  on  the  plant.  Comparisons  were  made 
with  those  of  other  coffee-producing  countries. 

2.  MAI  and  STICA  Information  Tecnica  No.  6,  1958,  Influencia 
de  lixiviacion  de  aniones  en  perdidas  por  arrastre  de  caciones,  by 
Ana  M.  Ramos  L.  Shows  the  effects  of  adding  various  cations  (cal- 
cium, magnesium,  etc.)  to  the  soil  on  the  leaching  (washing  out) 
of  anions  (sulfates,  nitrates,  etc.).  Many  of  the  results  can  be 
applied  to  the  practical  aspects  of  fertilization,  such  as  the  value  of 
using  urea  or  magnesium  oxide  instead  of  nitrate  of  potash  or 
magnesium  sulfate,  respectively.  These  latter  two  materials  would 
produce  relatively  larger  losses  of  nutrient  elements  through  leach- 
ing. 

3.  MAI  and  STICA  Information  Tecnica  No.  8,  1959,  Sintomas 
de  deficiencia  de  los  alimentos  fosforo,  calcio,  azufre  y  hierro  en 
el  cafeto  producidos  en  Invernadero,  by  Gil  Chaverri  R.  and  Fran- 
cisco Carvajal.  By  presenting  a  clear  picture  of  the  various  visual 
symptoms  of  deficiencies  that  may  appear  in  coffee  plants  when 
there  is  a  lack  of  one  of  the  nutrient  elements  studied,  this  bulletin 
has  already  been  of  immense  value  to  farmers  and  technical  people. 
This  work  shows  the  so-called  calcium  deficiency  often  reported 
from  field  observations  of  coffee  plants  to  be  the  result  of  some 
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other  physiological  disturbance  rather  than  of  a  calcium  deficiency. 
As  a  result,  the  application  of  lime  ( an  expensive  material )  in  such 
instances  can  be  stopped. 

4.  MAI  and  STICA  Information  Tecnica  No.  9,  1959,  Nutrition 
mineral  del  cafeto,  requerimientos  de  la  cosecha,  by  Francisco 
Carvajal.  This  bulletin  concerns  the  quantity  of  fertilizer  materials 
contained  in  the  coffee  bean  and  in  the  coffee  pulp.  With  these  data 
farmers  and  technicians  are  able  to  calculate  the  quantity  of  the 
nutrient  elements  removed  yearly  with  each  crop  and  the  fertilizer 
needs  of  the  plants  for  the  following  year.  The  fertilizer  value  of 
the  coffee  pulp  put  back  on  the  farm  can  also  be  calculated. 

5.  Rev.  Biol.  Trop.  6  (2);  273-278,  1958.  Estudio  preliminar 
sobre  la  respuesta  del  cafeto  al  acido  giberelico,  by  Francisco  Car- 
vajal. Coffee  seedling  heights  were  increased  by  small  additions  of 
gibberellic  acid.  Results  may  have  practical  applications  by  short- 
ening the  time  necessary  for  plants  to  reach  the  transplanting  size. 

6.  MAI  and  STICA  Informe  Poligrafiado  59-1,  1959,  Sulphur 
Categories  in  the  Soils  of  the  Me  seta  Central  of  Costa  Rica,  by 
Elemer  Bornemisza.  This  work  with  11  different  soil  types  shows 
the  different  amounts  of  sulfur  that  might  be  found  in  similar  soils. 
Results  indicated  that  most  of  the  soils  contained  sufficient  sulfur 
to  support  maximum  plant  growth,  which  means,  for  example,  that 
a  farmer  can  discontinue  use  of  ammonium  sulfate  as  a  source  of 
nitrogen  (and  sulfur)  in  favor  of  a  much  cheaper  source  such  as 
urea. 

7.  MAI  and  STICA  Informe  Poligrafiado  59-3,  1959,  Atomiza- 
ciones  con  azucar  evitan  la  marchitez  cuando  se  transplanta  el  Cafe, 
by  Francisco  Carvajal  and  Francisco  Pereira.  This  work  demon- 
strates the  effectiveness  of  the  Laboratory  in  "practical"  research. 
When  coffee  seedlings  (about  one  year  old)  are  transplanted  from 
the  nursery  to  the  field,  their  death  because  of  the  shock  of  trans- 
planting is  sometimes  rather  large,  particularly  when  rainfall  is  in- 
adequate. The  preliminary  results  of  spraying  plants  with  a  sugar 
water  solution  prior  to  transplanting  have  been  excellent  in  that 
transplanting  deaths  of  seedlings  were  reduced  markedly.  This  is 
one  of  the  first  reports  showing  the  benefits  of  such  a  treatment. 

8.  Thesis,  Department  of  Chemistry,  University  of  Costa  Rica, 
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1959,  Velocidad  de  hidrolisis  de  la  urea  y  el  biuret  en  algunos 
suelos  de  Costa  Rica,  by  Alejandro  Acevedo.  A  study  of  the  com- 
mercial damage  to  coffee  plants  by  the  chemical,  biuret,  contained 
in  the  nitrogen  fertilizer,  urea.  It  answers  many  of  the  practical 
questions  dealing  with  the  subject,  such  as  how  long  the  harmful 
effects  of  biuret  may  persist  in  certain  soils. 

9.  Thesis,  Department  of  Chemistry,  University  of  Costa  Rica, 
1959,  Metodos  quimicos  para  determinar  el  poder  suministrador  de 
potasio  de  los  suelos,  by  Orlando  Bravo.  For  a  summary  of  these 
results,  see  above,  under  the  discussion  of  potassium  (p.  381). 

10.  Thesis  in  Preparation,  Department  of  Agronomy,  University 
of  Costa  Rica,  1960,  Arsenic  Contents  in  Leaves  and  Fruits  of  Cof- 
fee Plants  as  Affected  by  Different  Spray  Applications  Containing 
Arsenic,  by  Francisco  Pereira.  Presents  pertinent  information  con- 
cerning the  arsenic  contents  of  leaves,  fruit,  and  beans  from  coffee 
plants  sprayed  with  arsenic  solutions.  Arsenic  is  being  used  com- 
merically  to  prevent  a  certain  fungus  disease  on  coffee,  and  for- 
tunately there  appears  to  be  no  serious  build-up  of  arsenic  in  the 
beans,  even  at  rather  high  spray  concentrations. 

11.  MAI  and  STICA  Informe  Poligrafiado  59-2,  1959,  Acidez, 
contenido  de  potasio  y  materia  orgdnica  de  algunos  suelos  de  Costa 
Rica,  by  Elemer  Bornemisza.  A  survey-type  report  which  gives  typi- 
cal pH,  potassium,  and  organic  matter  values  of  various  Costa  Rican 
soils. 

12.  Laboratorio  Quimico  de  Investigaciones  Agronomicas.  An- 
nual Report  1958;  also  1959.  These  comprehensive  annual  reports 
give  a  brief  summary  of  all  the  work  conducted  during  the  year. 

Suggestions  and  Recommendations  Concerning  the 

Laboratory 

As  of  June,  1960,  two  of  the  Laboratory  staff  members  had  re- 
ceived advanced  educational  training  in  the  United  States,  and 
with  it,  a  steady  advancement  in  their  knowledge  of  soils  and  plant 
physiology.  However,  most  of  their  work  in  Costa  Rica  has  been 
%in  connection  with  coffee  nutrition  and  fertilization,  and  little  or 
no  research  work  was  done  with  vegetable  crops,  other  crops  such 
as  corn,  rice,  etc.,  or  with  pasture  crops,  where  experimental  tech- 
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niques  are  somewhat  different  from  those  of  tree  crops,  such  as 
coffee.  Without  doubt  the  personnel  of  the  Laboratory  would  bene- 
fit greatly  by  additional  technical  assistance  in  the  form  of  a  long- 
term  technician  for  approximately  a  year  and  a  half,  followed  by 
short-term  technicians. 

In  summary,  therefore,  the  following  general  recommendations 
are  made: 

1.  Utilize  long-term  and/or  short-term  technicians  for  the  next 
five  to  ten  years. 

2.  Establish  a  soil  and  plant  analyses  service  in  the  Laboratory 
to  serve  all  interested  agriculturists  in  Costa  Rica. 

3.  Broaden  cooperation  between  the  Laboratory  and  other 
phases  of  agriculture. 

4.  Send  at  least  one  Laboratory  technician  to  the  University  of 
Florida  for  a  short  period  to  observe  its  current  soils  laboratory 
research  techniques. 


LOUIS    C.   KUITERT 
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Mediterranean  Fruit  Fly  Control 

he  Mediterranean  fruit  fly,  Ceratitis  capitata 
(Weid. ),  widely  distributed  world  traveler  and 
dreaded  pest  of  citrus  and  other  tropical  and  subtropical  fruits,  was 
found  in  Costa  Rica  in  April,  1955,  by  two  individuals  working 
independently.  Maggots  that  "jumped"  in  a  manner  reminding  him 
of  Mediterranean  fruit  fly  larvae  in  Florida  in  1929  were  discov- 
ered in  oranges  by  Harold  Mowry,  former  director  of  the  Florida 
Agricultural  Experiment  Station.  When  Mowry  took  the  specimens 
to  Luis  A.  Salas,  a  MAI  entomologist,  he  learned  that  Salas  had 
found  similar  maggots  in  infested  fruit.  Salas  reared  these  larvae 
to  adults  and  tentatively  identified  them  as  Mediterranean  fruit 
flies.  Specimens  were  forwarded  to  the  Division  of  Insect  Identifica- 
tion Entomology  Research  Branch,  USDA,  for  confirmation  of 
identification.  The  determination  was  confirmed  early  in  May,  1955. 
This  infestation  of  the  Mediterranean  fruit  fly  was  the  first  to  be 
reported  on  the  North  American  continent  since  the  1929-30  infes- 
tation in  Florida.  Since  this  infestation  was  only  about  four  hours 
away  from  Florida  and  Mexico  by  direct  flight  and  with  overland 
travel  possible  between  Costa  Rica,  Mexico,  and  the  United.  States, 
the  desirability  of  making  an  intensive  survey  of  the  area  seemed 
imperative.  L.  D.  Christenson,  entomologist  in  charge  of  fruit  fly 
investigations  in  Hawaii,  and  W.  E.  Stone,  entomologist  in  charge 
of  fruit  fly  investigations  in  Mexico,  both  of  the  USDA,  arrived  in 
Costa  Rica  on  May  27,  1955.  In  cooperation  with  Mowry  and  Salas 
a  thorough  survey  of  the  infested  zone  was  made.  The  results  of 
the  survey  showed  the  fly  to  be  present  throughout  the  Meseta  Cen- 
tral, in  isolated  areas  at  Turrialba  and  Orosi  in  Cartago  Province, 
and  at  San  Ignacio  de  Acosta  in  San  Jose  Province.  The  survey 
report  states  that  "although  well  established  in  a  fairly  large  area 
and  causing  injury  to  citrus  crops,  the  infestation  proved  to  be  a 
comparatively  light  one.  There  were  indications  that  the  prolonged 
dry  season  just  ending,  with  its  limited  host-fruit  production,  may 
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not  have  been  especially  favorable  for  the  development  of  large 
numbers  of  flies."  Trapping  of  adult  flies  by  Salas  with  kerosene  as 
the  attractant  was  continued.  In  December,  1955,  Loren  Steiner  of 
the  USDA's  Fruit  Fly  Investigations  Laboratory  in  Hawaii  arrived. 
He  assisted  in  evaluating  the  problem  and  made  suggestions  with 
respect  to  control  and  research  programs  upon  completion  of  an 
intensive  survey.  The  writer  arrived  January  18,  1956,  for  a  one- 
year  assignment  to  assist  and  cooperate  with  Salas  in  working  out 
the  research  and  control  programs. 

Geographic  Description  of  Infested  Areas 

The  known  areas  of  infestation  included  parts  of  the  provinces 
of  San  Jose,  Cartago,  Alajuela,  Heredia,  and  Puntarenas.  The  heav- 
iest and  most  extensive  infestations  were  found  in  the  Meseta  Cen- 
tral, which  is  bounded  on  all  sides  by  steep  mountains  and  includes 
an  area  roughly  70  by  30  kilometers.  The  terrain  of  the  plateau  is 
mostly  hilly  with  some  gently  undulating  areas.  The  few  flat  areas 
have  considerable  slope.  The  many  rivers  and  smaller  streams  have 
cut  deep  gulches  and  canyons  throughout  the  Meseta.  The  main 
river  in  the  Rio  Virilla,  which  combines  with  the  Rio  Grande  be- 
fore entering  the  Pacific  Ocean.  The  elevation  varies  from  1,360 
meters  at  Tres  Rios  on  the  east  to  760  meters  at  Atenas  on  the  west. 
The  mountain  ranges  to  the  north  vary  in  elevations  from  more 
than  2,800  meters  (Poas)  to  2,400  meters.  Although  the  ranges  to 
the  south  are  somewhat  less  imposing,  some  peaks  exceed  2,400 
meters.  To  the  east  volcano  Irazu  is  most  impressive,  with  an  eleva- 
tion of  3,482  meters. 

Isolated  infestations  have  been  found  at  Turrialba,  Orosi,  and 
Cachi  in  the  Reventazon  River  valley  on  the  eastern  watershed;  at 
San  Ignacio  de  Acosta  about  43  kilometers  from  San  Jose  over  the 
mountain  range  to  the  south;  and  at  Barranca,  Puntarenas  Province 
(sea  level),  on  the  west. 

The  Meseta  lies  within  an  ecological  zone  classified  as  subtropi- 
cal, humid  forest  type  in  the  Atlas  Estadistico  de  Costa  Rica.  In  the 
case  of  the  Turrialba  infestations  it  is  classified  as  subtropical,  very 
humid  forest  type. 

Agriculture   is  the   main   industry   in   Costa   Rica   and   includes 
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a  long  list  of  agricultural  products.  Coffee  is  grown  extensively 
throughout  the  Meseta  and  in  the  river  valleys  to  the  east,  north, 
and  south.  Bananas  are  grown  throughout  the  area  with  the  ex- 
ception of  some  of  the  higher  mountain  peaks,  and  guavas  and 
spondias,  although  not  cultivated,  are  found. 

Surveys  of  Infested  Areas 

Surveys  have  shown  the  Mediterranean  fruit  fly  to  be  present 
throughout  the  rich  Meseta  Central.  In  most  instances  the  original 
determination  of  the  infestation  was  based  on  the  presence  of  adult 
flies  in  traps.  Since  some  of  the  attractants  used  would  attract  adults 
for  distances  of  50  feet  or  more,  attempts  were  made  to  confirm  the 
trapping  records  by  examination  and  holding  of  fruit  found  on  the 
property. 

In  the  area  of  Santa  Ana  in  San  Jose  Province  every  finca  and 
dwelling  property  checked  was  found  infested.  Field  examinations 
made  of  dropped  fruits  indicated  that  70  to  80  per  cent  of  the  fruit 
was  infested.  This  area  is  one  of  the  largest  and  better  citrus- 
producing  areas  in  Costa  Rica.  The  infestation  was  considered  to  be 
heavy  in  this  area,  although  the  high  fly  population  was  present  only 
during  the  dry  period  from  late  December  through  April.  Other 
areas  found  infested  on  the  south  side  of  the  Meseta  included 
Desamparados,  San  Rafael  de  Escazu,  Villa  Colon,  and  Puriscal 
in  San  Jose  Province. 

On  the  east  and  north  sides  of  the  Meseta,  light  infestations  were 
found  at  Tres  Rios,  Llorente,  and  Tibas,  San  Jose  Province;  Santo 
Domingo,  Heredia  Province;  Rio  Segundo;  B.  San  Jose;  Finca  de 
Universidad  de  Costa  Rica;  La  Argentina  de  Grecia  and  San  An- 
tonio de  Belen  in  Alajuela  Province. 

Infestations  found  in  areas  outside  the  Meseta  were  considered 
comparatively  light,  with  the  possible  exception  of  the  Turrialba 
infestation.  The  latter  infestation  was  light  from  January  to  July 
but  increased  slowly  in  the  following  months.  During  October  the 
population  was  considered  comparatively  heavy,  but  only  for  a 
short  period. 

Other  light  infestations  were  found  at  San  Ignacio  de  Acosta,  San 
Jose  Province  to  the  south  of  San  Jose  and  at  Barranca,  Puntarenas 
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Province,  on  the  west  coast.  It  cannot  be  stated  that  these  infesta- 
tions continued  light,  however,  since  trapping  and  surveying  in 
these  areas  had  not  been  intensive  throughout  the  year. 

Surveys  made  along  the  Inter-American  Highway  from  Liberia 
on  the  North  to  Esparta  were  negative.  Although  citrus  is  found 
regularly  at  Esparta,  Miramar,  Las  Juntas,  Las  Canas,  and  Liberia, 
the  plantings  are  not  extensive.  Guavas  are  found  in  abundance 
throughout  the  area  and  mangoes  are  plentiful.  Other  surveys  were 
made  from  Cartago  on  the  north  to  San  Isidro  del  General,  and 
these  too  were  negative. 

Infested  Fruits 

According  to  R.  L.  Rodriguez,  Botanist  of  the  University  of 
Costa  Rica,  more  than  90  of  the  reported  200  host  plants  of  the 
Mediterranean  fruit  fly  occur  in  Costa  Rica.  Fortunately,  only  a  few 
of  these  hosts  have  been  found  infested  to  date,  in  spite  of  the  many 
localities  with  apparently  ideal  host  conditions.  The  known  infested 
hosts  include  tangerine,  sweet  and  sour  orange,  grapefruit,  coffee, 
peach,  caimito,  mango,  rose  apple,  and  jocote,  a  species  of  spcndias. 

The  common  guava,  Guayaba,  had  not  been  found  infested  with 
the  Mediterranean  fruit  fly,  despite  the  fact  that  adult  flies  had 
been  observed  on  the  fruits  on  a  number  of  occasions.  This  fruit  is 
commonly  and  heavily  infested  with  another  fruit  fly  of  the  genus 
Anastrepha  whose  larva  is  somewhat  larger  than  that  of  Ceratitis. 
Adult  flies  have  been  reared  from  guavas  obtained  from  a  number 
of  representative  localities,  and  the  only  flies  obtained  have  been 
Anastrepha.  Thus  it  is  assumed  that  the  guava  is  not  a  suitable  host 
for  C.  capitata  under  conditions  existing  in  Costa  Rica.  Much  the 
same  situation  prevails  in  the  case  of  jocote  and  mangoes.  Although 
listed  as  proven  hosts  these  fruits  were  rarely  found  infested  and 
then  very  lightly.  Both  of  these  fruits  have  been  examined  in  the 
field  in  numbers,  and  quantities  have  been  collected  and  held  to 
obtain  larvae,  pupae,  and  adults.  Except  in  a  few  instances,  adults 
were  always  determined  as  Anastrepha  sp.  In  the  few  instances 
where  the  jocote  and  mangoes  had  been  found  infested  with  Medi- 
terranean fruit  flies  the  fruits  were  taken  from  trees  located  within 
or  adjacent  to  citrus  plantings  in  heavily  infested  areas.  Peaches 
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have  been  found  with  heavy  infestations  of  C.  capitata  in  a  few 
isolated  areas  where  the  fruits  were  allowed  to  ripen  to  maturity. 
Most  peaches,  however,  are  harvested  while  in  the  green  stage  and 
are  not  attractive  to  adult  flies  for  oviposition  purposes. 

Based  on  current  observations  and  data,  it  appears  that  only 
those  fruits  not  infested  with  another  type  of  fruit  fly  make  suitable 
host  material  for  the  Mediterranean  fruit  fly  in  Costa  Rica,  and 
that  citrus,  coffee,  and  peaches  have  been  found  to  be  excellent 
hosts  for  Ceratitis.  It  should  be  added  that  some  types  of  citrus  do 
not  make  good  host  material  since  Washington  oranges  (navel) 
and  some  varieties  of  grapefruit  and  sour  lemons  were  found  only 
occasionally  infested  with  the  Mediterranean  fruit  fly.  These  fruits 
usually  have  thick  skins  with  considerable  rag  which  the  tiny  larvae 
upon  hatching  from  the  eggs  are  not  able  to  penetrate.  Grapefruit 
has  been  found  with  numerous  tiny  sunken  brown  areas,  and  in  a 
few  instances  examination  of  these  areas  has  disclosed  a  tiny  egg 
typical  of  the  Mediterranean  fruit  fly.  It  is  assumed  that  these 
brownish  areas  are  caused  by  the  sting  of  the  female  in  depositing 
eggs.  Ripening  coffee  cherries  make  excellent  hosts.  During  July 
some  68  to  70  per  cent  of  the  ripe  cherries  in  a  small  nursery  at 
Rio  Segundo,  Alajuela  Province,  were  found  infested.  This  coffee 
matured  well  in  advance  of  the  normal  season.  This  is  attributed  to 
the  frequent  irrigations  which  were  made  in  the  nursery  during  the 
dry  season.  Coffee  maturing  during  late  October  and  November  was 
found  infested  in  some  areas  but  the  infestation  never  exceeded  10 
per  cent.  The  coffee  bean  apparently  is  not  damaged  in  any  way 
through  feeding  of  the  Mediterranean  fruit  fly  larvae.  Infested 
cherries  do  turn  brown  and  in  this  condition  tend  to  drop  from  the 
plant  when  it  is  shaken.  Most  coffee  in  Costa  Rica  is  harvested  as  it 
matures  so  that  the  loss  of  cherries  through  fruit  fly  infestation  is 
extremely  light.  Infestations  continue  to  remain  light  since  picking 
of  the  ripe  cherries  eliminates  large  numbers  of  the  fly  population. 
Since  the  bulk  of  the  coffee  crop  matures  late  in  the  year  when  the 
population  is  apparently  normally  very  low,  and  because  large  por- 
tions of  the  population  are  eliminated  by  harvesting  the  coffee 
through  several  pickings,  it  appears  that  C.  ceratitis  will  not  be  a 
serious  threat  to  the  coffee  industry. 
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Methods  for  Detecting  Infestations 

Two  methods  were  used  to  determine  the  presence  of  the  Medi- 
terranean fruit  fly  in  an  area.  Traps  were  baited  with  an  attractant 
and  placed  in  or  near  susceptible  host  plants,  and  dropped  fruit 
was  examined  for  the  presence  of  the  larvae.  The  latter  method  also 
included  the  collection  of  fruit  drops  and  the  holding  of  these  fruits 
in  boxes  to  allow  the  larvae  to  complete  development  and  leave  the 
fruit  to  pupate  in  sand  placed  in  the  bottom  of  the  box.  The  pupae 
were  collected  after  several  weeks  and  held  until  the  adult  flies 
emerged. 

Several  baits  known  to  be  effective  Mediterranean  fruit  fly  at- 
tractants  in  Hawaii  were  evaluated  in  replicated  tests  to  determine 
their  effectiveness  under  Costa  Rica  conditions.  Most  of  these  baits 
consisted  of  partially  hydrolyzed  yeast  protein.  The  baits  used  con- 
sisted of  (1)  an  acid  hydrolysate  of  linseed  meal  oil  neutralized 
with  ammonium  hydroxide;  (2)  hydrolyzed  protein  5  per  cent  (AB 
1003  M.  R.  Thompson  and  Co.)  plus  ammonium  chloride  5  per 
cent;  (3)  Fleischman's  Yeast  Type  M,  5  per  cent  (Standard 
Brands)  plus  ammonium  chloride  5  per  cent;  (4)  Sauce  Base  No. 
2,  10  per  cent  (A.  E.  Staley  &  Co.)  plus  ammonium  chloride  10 
per  cent;  (5)  Angelica  seed  oil  3  per  cent  (Magnus,  Mabee  &  Rey- 
nard Co.)  plus  DDVP  3  per  cent;  and  (6)  kerosene. 

MacPhail  invaginated  glass  traps  were  used  to  contain  the  baits. 
With  the  exception  of  the  Angelica  seed  oil,  about  240cc  of  bait 
was  introduced  into  a  trap.  About  lcc  of  Angelica  seed  oil  was 
placed  on  a  short  strip  of  dental  cotton.  The  DDVP  was  added  to 
kill  the  flies  as  they  were  attracted  to  the  Angelica  seed  oil  on  the 
dental  cotton  which  was  suspended  so  that  flies  attracted  to  the 
bait  and  subsequently  killed  by  the  DDVP  would  drop  inside  the 
trap.  The  number  of  traps  used  in  a  test  depended  on  the  locality 
checked.  Most  tests  included  nine  traps  baited  with  the  attractant 
being  evaluated,  with  a  minimum  of  three  baits  being  used  in  most 
of  the  tests.  Insofar  as  possible,  the  traps  were  checked  on  a  five- 
day  schedule  and  were  rotated  through  each  station  by  moving  each 
trap  one  station  at  each  checking.  Each  trap  performed  in  the  iden- 
tical station  for  approximately  the  same  length  of  time  although  not 
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at  the  same  time.  Usually  a  minimum  of  nine  checks  were  made  be- 
fore the  experiment  was  discontinued. 

The  results  of  these  experiments  with  attractants  indicate  that 
( 1 )  the  protein  baits  are  far  superior  to  kerosene  as  attractants  for 
Mediterranean  fruit  flies  in  all  localities,  (2)  there  is  great  varia- 
tion in  effectiveness  of  all  attractants  between  different  localities, 
and  (3)  linseed  meal  oil  is  more  effective  than  AB-1003  under  cli- 
matic conditions  existing  on  the  Central  Plateau,  and  the  AB-1003 
is  superior  to  linseed  meal  oil  under  the  different  climatic  condi- 
tions existing  at  Turrialba. 

It  is  interesting  to  note  that  fly  infestations  were  found  in  some 
localities  with  the  protein  bait  when  data  obtained  with  kerosene 
indicated  the  absence  of  the  fly,  as  shown  for  Villa  Colon. 
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Type  of  Injury  and  Economic  Importance 

The  Mediterranean  fruit  fly  is  generally  known  as  the  most  in- 
jurious pest  of  citrus.  Because  it  also  has  many  other  host  plants  it 
is  considered  the  most  important  economic  fruit  fly  pest.  The  injury 
is  restricted  to  the  fruit  and  confined  to  the  feeding  of  the  larva 
inside  the  fruit.  The  marketability  of  some  types  of  citrus  is  re- 
duced by  the  discoloration  of  the  fruit  caused  by  egg  deposition  of 
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the  adult  females;  the  quality  of  the  fruit,  however,  does  not  appear 
to  be  altered. 

It  was  initially  thought  that  the  Mediterranean  fruit  fly  infesta- 
tions would  be  a  threat  to  the  coffee  industry  of  Costa  Rica  along 
with  the  other  Latin  American  coffee-producing  countries.  Fortu- 
nately coffee  matures  in  Costa  Rica  toward  the  end  of  the  rainy 
season  when  the  fly  population  is  low,  and  since  the  coffee  crop  is 
harvested  at  intervals  as  it  ripens,  the  reproductive  potentiality  is 
held  in  check.  Thus  it  appears  safe  to  state  that  the  Mediterranean 
fruit  fly  will  not  be  as  serious  a  threat  as  anticipated  to  the  coffee 
industry.  It  had  been  reported,  however,  that  the  fly  was  a  threat  to 
citrus,  mangoes,  avocados,  and  many  other  tropical  and  subtropical 
fruits.  To  date,  to  the  contrary,  fly  population  studies  indicate  that 
the  population  is  high  only  during  the  dry  season,  which  extends 
from  late  December  through  April.  The  fly  population  declines 
appreciably  with  the  onset  of  the  rainy  season  and  remains  low 
throughout  the  rainy  months.  Temperature  may  be  one  of  the  other 
factors  which  contribute  to  the  depression  of  the  population.  Citrus 
fruits  are  available  for  egg  deposition  throughout  the  year,  although 
the  amounts  available  vary  considerably.  Peaches,  avocados,  man- 
goes, and  a  number  of  fruits  of  lesser  importance  are  also  seasonal. 

The  tiny  larvae,  hatching  from  eggs  deposited  just  beneath  the 
surface  of  the  skin  of  the  fruit,  burrow  their  way  throughout  the 
pulp  to  feed  on  the  fruit.  Most  frequently  the  larvae  work  their  way 
to  the  core  or  center  of  the  fruit  and  feed  from  the  inside  toward 
the  outside.  In  all  fruits  well  infested  within  there  is  a  "give"  to 
the  area  beneath  the  puncture  which  indicates  destroyed  tissues 
beneath.  When  the  larvae  complete  their  development,  they  eat 
their  way  to  the  outside  to  pupate  in  the  soil.  This  leaves  a  tiny  hole 
in  the  rind  about  the  size  of  the  head  of  a  pin.  When  infested  fruit 
is  compressed  and  such  an  escape  hole  is  present,  juice  will  exude 
from  the  hole.  Tangerines,  oranges,  and  grapefruit  can  thus  be 
examined  readily  for  infestation.  This  method  of  examination  for  in- 
festation in  citrus  does  not  necessarily  indicate  all  infested  fruits 
since  the  exit  holes  are  not  made  until  after  the  larvae  have  com- 
pleted development,  and  it  is  not  suitable  for  determining  infesta- 
tions in  other  fruits,  such  as  coffee  and  peaches. 
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The  tiny  exit  hole  made  by  the  larva  when  it  leaves  the  fruit  for 
pupation  purposes  is  an  ideal  point  of  entry  for  fungi  and  bacteria. 
During  the  rainy  period  many  lightly  infested  "fruit  drops"  were 
completely  destroyed  by  these  organisms  within  two  to  four  days. 
In  many  instances  the  fungi  and  bacteria  cause  the  fruit  to  decay 
so  quickly  that  many  larvae  are  trapped  in  the  fruit  and  are  de- 
stroyed in  this  manner.  The  exit  hole  also  serves  as  an  entrance 
point  for  several  species  of  beetles  of  the  family  Nitidulidae.  Very 
few  fruits  infested  with  these  beetles  have  been  found  infested  with 
C.  capitata,  and  in  many  instances  it  was  obvious  that  fruits  with 
these  beetles  in  them  had  at  one  time  been  infested  with  the  Medi- 
terranean fruit  fly. 

Insecticidal  Control 

A  number  of  investigations  were  carried  out  to  evaluate  the 
effectiveness  of  insecticides  in  controlling  the  Mediterranean  fruit 
fly.  Because  of  the  small  size  of  the  groves  it  was  possible  to  set  up 
only  a  few  replicated  tests.  In  the  initial  test  a  mixture  of  four 
pounds  of  malathion  25  per  cent  wettable  plus  one  pound  of  pro- 
tein bait  (AB-1003)  in  15  gallons  of  water  was  applied  to  an  acre 
with  a  25-gallon  John  Bean  Sparton  Sprayer.  The  sprayer  was 
equipped  with  a  100-foot  lead  of  hose  and  a  cut-off  valve.  In  the 
second  experiment  the  rate  of  application  was  2  pounds  of  mala- 
thion 25   per  cent  wettable  plus  one-half  pound  of  protein  bait 
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(AB-1003)  applied  in  15  gallons  of  water  per  acre.  In  the  third 
experiment  Dipterex  50  per  cent  wettable,  2  pounds  plus  1  pound 
protein  (AB-1003)  in  15  gallons  was  applied  to  an  acre.  In  the 
fourth  experiment  Dipterex  was  used  as  in  the  third  experiment, 
and,  in  addition,  all  the  "fruit  drops"  were  picked  up  and  buried. 
Additional  tests  followed  much  the  same  pattern. 

Data  indicate  that  under  the  rainy,  humid  conditions  during  May 
and  June  the  low  concentration  of  malathion  is  inadequate  for 
control.  Dipterex  gives  an  excellent  initial  knockdown  but  is  not 
superior  to  the  effectiveness  of  the  high  rate  of  application  of  mala- 
thion. The  findings  also  indicate  that  a  shorter  interval  than  14  to 
16  days  between  applications  is  necessary  to  suppress  infestations. 
Under  the  rainy,  humid  conditions  prevailing  from  May  through 
October  it  was  extremely  difficult  to  obtain  a  satisfactory  degree  of 
control  because  of  the  lowering  of  the  attractiveness  of  the  protein 
lure,  as  well  as  the  reduction  in  the  residual  qualities  of  the  in- 
secticide. Since  most  of  the  insect  control  experiments  were  initiated 
toward  the  end  of  the  dry  season  the  data  give  inadequate  informa- 
tion on  the  results  obtained  under  humid,  wet  conditions.  Observa- 
tions and  the  limited  data  suggest  that  both  the  effectiveness  of  the 
insecticide  and  the  attractive  qualities  of  the  insecticide-bait  spray 
were  enhanced  under  warmer,  drier  conditions 

During  November  a  Mediterranean  fruit  fly  control  program  was 
initiated  in  conjunction  with  the  MAI  and  ORISA.  In  this  program 
all  areas  found  invested  with  fruit  flies  were  treated  promptly.  Trap- 
ping of  flies  must  be  continued  in  all  areas  where  the  flies  have  been 
found.  Should  the  population  be  held  to  a  very  low  level  through- 
out the  dry  season  and  the  control  operations  continued  through 
the  following  rainy  season,  the  combination  of  control  and  the 
natural  factors  depressing  the  population  may  be  sufficient  to  elimi- 
nate the  pest. 

Results  of  the  tests  indicate  that  the  following  recommendations 
can  be  made  for  control.  Applications  of  malathion  or  dipterex  bait 
sprays  should  be  made  at  10-  to  14-day  intervals.  Malathion  or 
Dipterex  applied  at  rates  of  one  pound  technical  plus  one  pound  of 
hydrolyzed  protein  in  15  gallons  of  water  per  acre,  with  %  to  l1/^ 
pints  of  spray  applied  per  tree  is  highly  effective. 
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Biological  Control 

Although  the  work  has  not  yet  been  successful  in  establishing 
any  of  a  number  of  introduced  species  of  parasites,  it  should  be  an 
excellent  means  of  reducing  the  Mediterranean  fruit  fly  population. 
Through  the  kindness  of  L.  D.  Christenson  and  L.  J.  Steiner  of  the 
USDA  fruit  fly  laboratory  in  Hawaii,  11  shipments  of  fruit  fly 
parasites  were  received,  most  of  them  during  the  dry  season.  The 
parasites  were  released  promptly  upon  receipt,  and  the  fact  that 
in  most  instances  the  weather  was  hot  and  dry  may  have  affected 
them  adversely. 

The  following  is  a  summary  of  the  species  of  parasites  received 
and  the  areas  in  which  they  were  released. 

1.  Opius  formosanus.  A  total  of  3,075  specimens  were  received  and 
released  as  follows:  325  at  Turrialba,  Cartago;  200  at  Orosi,  Cartago; 
400  at  F.  Jose  Ma.  Arias,  Rio  Segundo,  Alajuela;  200  at  F.  San  Fer- 
nando Alajuela;  200  at  F.  Fernando  Esquivel,  Santa  Ana,  San  Jose;  and 
1,750  at  F.  Bond,  Santa  Ana,  San  Jose. 

2.  Opius  compensans.  Specimens  received  numbered  2,580.  They 
were  released  as  follows:  400  at  F.  Tinoco,  Tres  Rios,  Cartago;  280  at 
Turrialba,  Cartago;  400  at  F.  San  Fernando,  Alajuela,  B.  San  Jose; 
200  at  F.  La  Porte,  Santa  Ana,  San  Jose;  and  1,300  at  F.  R.  Castro 
Beeche,  Santa  Ana,  San  Jose. 

3.  Opius  longicaudatus  var.  taiensis.  A  total  of  2,980  specimens 
were  received  and  released  as  follows:  300  at  Turrialba,  Cartago;  380 
at  Orosi,  Cartago;  400  at  F.  Tomas  Alfaro,  Alajuela,  B.  San  Jose;  200 
at  F.  Maria  Soto,  Alajuela,  B.  San  Jose;  and  1,700  at  F.  La  Porte,  Santa 
Ana,  San  Jose. 

4.  Opius  longicaudatus  var.  novo  caledonicus.  Specimens  re- 
ceived numbered  2,700.  They  were  released  as  follows:  400  at  Turrialba, 
Cartago;  280  at  Orosi,  Cartago;  300  at  F.  Tinoco,  Tres  Rios,  Cartago; 
200  at  F.  San  Fernando,  Alajuela,  B.  San  Jose  and  1,520  at  F.  Fernando 
Esquivel,  Santa  Ana,  San  Jose. 

5.  Opius  oophilus.  A  total  of  4,110  specimens  were  received.  These 
were  released  at  the  following  locations:  280  at  Turrialba,  Cartago; 
1,000  at  F.  Consuelo  Zamora,  Santo  Domingo,  Heredia;  1,000  at  F.  La 
Porte,  Santa  Ana,  San  Jose;  and  1,830  at  F.  R.  Castro  Beeche,  Santa 
Ana,  San  Jose. 

6.  Opius  tryoni.  Specimens  received  alive  numbered  323.  These 
were  released  as  follows:  13  at  "La  Hulera"  Turrialba,  Cartago;  110  at 
F.  Fernando  Esquivel,  Santa  Ana,  San  Jose;  and  200  at  F.  Jose  Ma. 
Arias,  Rio  Segundo,  Alajuela. 
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7.  Opius  incisi.  A  total  of  100  specimens  were  received  and  released 
at  F.  R.  Castro  Beeche,  Santa  Ana,  San  Jose. 

8.  Opius  vanden  buschi.  A  total  of  100  specimens  were  received 
and  released  at  F.  Jose  Ma.  Arias,  Rio  Segundo,  Alajuela. 

9.  Syntomosphyrum  Indicum.  A  total  of  8,800  specimens  were  re- 
ceived and  released  at  F.  La  Porte,  Santa  Ana,  San  Jose. 

10.  Dirhinus  GlFFARDii.  Specimens  received  numbered  3,080.  These 
were  released  at  F.  Alfredo  Esquivel,  Santa  Ana,  San  Jose. 

11.  Trybliographa  daci.  A  total  of  440  specimens  were  received 
and  released  at  F.  Alfredo  Esquivel,  Santa  Ana,  San  Jose. 

Several  species  of  native  parasites  have  been  reared  from  Medi- 
terranean fruit  fly  pupae,  most  of  them  from  infested  fruit  obtained 
in  the  Tres  Rios,  Cartago  area.  Specimens  of  these  native  parasites 
were  forwarded  to  specialists  for  determination. 

Training  of  Personnel  in  Detection  and  Control 

Recognition  of  the  threat  presented  to  member  countries  of 
OIRSA  by  the  discovery  of  the  Mediterranean  fruit  fly  in  Costa 
Rica  indicated  the  desirability  of  training  personnel  in  these  mem- 
ber countries.  In  addition  to  helping  technical  workers  of  Central 
America  become  familiar  with  survey  procedures,  it  seemed  desir- 
able to  conduct  a  survey  to  determine  the  possible  presence  of  this 
fruit  fly  in  the  countries  concerned  outside  of  Costa  Rica.  Executive 
Director  Jose  de  Castro  U.  of  OIRSA  requested  the  Plant  Quaran- 
tine Branch,  USDA,  to  cooperate  in  making  the  survey  of  member 
countries  and  to  assist  in  training  their  personnel.  From  this 
developed  a  two-week  short  course  which  was  held  in  San  Jose, 
Costa  Rica,  beginning  May  2,  1956. 

Luis  A.  Salas,  of  the  University  of  Costa  Rica,  conducted  demon- 
strations in  the  preparation  of  fruit  fly  baits,  trapping  procedure, 
and  insecticidal  spray  control  operations.  Assisting  Salas  were 
Isaac  Solis  and  Manuel  Castillo  of  the  MAI.  This  staff  was  assisted 
greatly  by  R.  G.  Oakley,  Jose  Hidalgo,  and  James  E.  Mabry,  Jr., 
of  the  Plant  Quarantine  Branch,  USDA.  Participants  receiving  the 
training  included  the  following: 

For  Guatemala 

Francisco  Santizo  of  the  Servicio  Cooperativo  Interamericano 
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de   Agricultura;    Miguel   Vasquez   Gripalva   of  the   Ministerio   de 

Agricultura. 

For  Nicaragua 

Francisco  Estrada  of  the  Servicio  Tecnico  Agricola  Nacional; 
Carlos  Marin  of  the  Ministerio  de  Agricultura  y  Ganaderia. 
For  Honduras 

Abraham  Gunera  of  the  Ministerio  de  Recursos  Naturales;  Jose 
M.  Mendez  Lopez  of  the  Ministerio  de  Recursos  Naturales. 
For  El  Salvador 

Ruben  Calderon  of  the  Centro  Nacional  de  Agronomia. 

Training  Procedure 

Some  of  the  major  aspects  of  the  training  course  included  demon- 
strations and  explanations  of  the  following  Mediterranean  fruit  fly 
information. 

1.  Collection  of  infested  fruit  in  the  field. 

2.  Recovery  of  larvae  and  technique  used  to  rear  these  to  pupal  and 
adult  stages. 

3.  Larval  characteristics  used  to  distinguish  these  larvae  from  those 
of  other  fruit  flies  found  in  fruit. 

4.  Life  history  stages  of  this  fruit  fly,  its  habits,  and  the  host  fruits 
susceptible  to  attack. 

5.  The  preparation  of  attractants  and  procedure  used  in  marking  and 
placing  traps  in  the  field. 

6.  Economic  importance,  distribution,  and  methods  of  dispersal. 

7.  Results  of  insecticidal  control  work  in  Costa  Rica. 

The  laboratory  work  was  supplemented  with  trips  to  the  field  to 
observe  and  demonstrate  survey  procedures.  Properties  along  the 
main  highways  and  in  the  principal  fruit-growing  areas  were  sur- 
veyed for  the  presence  of  the  Mediterranean  fruit  fly.  Traps  baited 
with  protein  hydrolysate  (AB-1003)  were  placed  on  properties 
where  susceptible  host  fruits  were  found.  Later  these  traps  were 
examined  and  the  identity  of  the  flies  attracted  to  them  determined. 
Participants  were  requested  to  keep  notes  of  their  findings  and  of 
the  conditions  prevailing  in  the  localities  surveyed. 

The  trainees  were  also  shown  techniques  used  to  determine  in- 
fested fruit  in  the  field,  as  well  as  the  method  used  in  holding 
infested  fruit  in  the  laboratory  to  recover  larvae  and  pupae;  re- 
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covery  of  larvae  and  pupae  from  holding  boxes;  and  the  procedure 
used  to  rear  them  to  the  adult  stage  for  specific  identification.  Each 
trainee  was  supplied  with  a  collection  of  the  various  stages  of  the 
fly  to  be  used  as  a  reference  collection  in  the  home  country. 

During  October,  1956,  Isaac  Soils,  MAI,  spent  three  weeks  in 
Florida  observing  the  methods  used  in  the  Mediterranean  fruit  fly 
eradication  program.  He  was  ably  assisted  by  Loren  F.  Steiner, 
Entomology  Research  Branch,  USDA. 

During  July  and  August  of  1956,  Manuel  Castillo,  also  of  the 
MAI,  attended  the  six-week  plant  quarantine  course  given  at  the 
Instituto  Interamericano  de  Ciencias  Agricolas,  Turrialba,  Costa 
Rica. 

Recommendations 

1.  Suggest  to  all  citrus  growers  that  all  "fruit  fly  drops"  be 
picked  up  and  destroyed  at  weekly  intervals.  The  best  means  of 
destruction  would  seem  to  be  burying  the  fruit  to  a  depth  of  two 
feet. 

2.  Pick  all  over-ripe  "Mandarins"  and  destroy  them  if  they 
cannot  be  absorbed  on  the  market. 

3.  Continue  to  operate  the  protein  hydrolysate  and  Angelica 
seed  oil  traps  at  the  present  locations.  The  trapping  program  should 
be  intensified  in  the  Turrialba  and  Barranca  areas. 

4.  Continue  to  sample  citrus  fruits  in  the  Orosi-Turrialba  area 
to  determine  if  citrus  is  a  host  in  this  locality. 

5.  Apply  bait  sprays  (one  pound  technical  malathion  or  dipterex 
plus  one  pound  protein  hydrolysate  per  acre)  at  10-  to  22-day  in- 
tervals to  all  known  infested  areas  on  the  Meseta  Central.  This  pro- 
gram should  be  continued  through  the  dry  season  and  for  several 
months  thereafter. 

6.  Collect  fruits  from  areas  where  parasites  have  been  released 
and  hold  to  recover  Mediterranean  fruit  fly  pupae,  adults,  and 
possible  parasites. 

7.  Continue  the  work  initiated  to  determine  whether  or  not 
guavas  and  mangoes  infested  with  Anastrepha  sp.  are  suitable  host 
material  for  the  Mediterranean  fruit  fly,  as  well  as  the  importance 
and  role  of  Anastrepha  in  preventing  the  Mediterranean  fruit  fly 
from  using  these  fruits  for  host  material. 
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8.  Place  and  maintain  several  hundred  protein  traps  along  the 
Inter-American  Highway  from  San  Ramon  north  to  Liberia.  This 
will  allow  any  possible  spread  of  the  Mediterranean  fruit  fly  to  be 
found  promptly.  Apply  bait  sprays  in  all  areas  where  the  fly  is 
found. 

9.  Consult  a  specialist  on  the  feasibility  of  initiating  an  eradi- 
cation program  at  least  three  months  in  advance  of  the  fly  season. 


M.  K.   CORBETT 


I 


Plant  Virus  Diseases 


n  cooperation  with  an  entomologist  and  a  plant  pathol- 
ogist, both  of  the  MAI,  and  R.  H.  Segall,  STICA  plant 
pathologist,  work  on  the  virus  diseases  of  plants  in  Costa  Rica  was 
initiated  on  October  18,  1956. 

The  most  important  phase  of  the  program  was  the  training  and 
instructing  of  Evaristo  Morales  and  Ricardo  Rodriguez  in  the  use 
of  the  techniques  and  principles  involved  in  the  study  of  plant 
viruses.  To  accomplish  this  a  series  of  nine  lectures  was  prepared 
on  the  following  aspects  of  plant  virology:  introduction,  symp- 
tomatology, methods  of  transmission,  the  relations  between  viruses 
and  their  vectors,  virus  strains,  serological  reactions  of  plant  vi- 
ruses, virus  diseases  and  host-plant  physiology,  control  measures 
against  virus  diseases,  and  speculations  on  the  origins  of  viruses. 
Copies  of  the  lectures  were  given  to  the  personnel  involved.  These 
lecture  topics  cover  the  most  important  phases  of  the  basic  princi- 
ples and  enable  the  study,  at  an  elementary  level,  of  a  virus  disease 
regardless  of  the  types  or  species  of  plant  from  which  it  is  obtained. 
To  complement  the  lecture  series,  laboratory  studies  were  conducted 
with  several  types  of  plant  viruses  obtained  from  crops  in  Costa 
Rica. 

In  cooperation  with  E.  H.  Casseres  a  survey  was  made  of  the 
potato-growing  area  of  Irazu.  From  the  symptoms  exhibited  in  the 
varieties  grown,  time  could  well  be  spent  on  the  identification  of 
the  viruses  involved,  their  means  of  spread  with  regard  to  vectors 
or  cultural  practices,  their  primary  sources,  and,  eventually,  a  pos- 
sible means  of  control.  The  initiation  of  an  inspected  or  certified 
seed  program  by  Casseres  is  a  move  to  improve  the  potato  indus- 
try of  Costa  Rica.  As  the  program  develops  it  will  need  the  assist- 
ance of  personnel  trained  in  the  field  of  plant  virology  to  index 
doubtful  symptomatic  varieties  for  the  presence  of  virus.  Other 
diseases  such  as  potato  leaf  roll  should  be  adequately  described 
and  proved  to  be  caused  by  virus  under  the  conditions  by  which 
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the  various  potato  varieties  are  grown.  The  birdnest  disease  (hue- 
vera)  which  results  in  the  production  of  many  small  tubers  should 
be  studied  from  the  virus  standpoint.  Plans  for  long-term  experi- 
ments on  both  of  these  diseases  are  in  progress  with  Morales  and 
Rodriguez.  After  these  experiments  have  determined  whether  the 
causal  agent  of  the  diseases  involved  is  a  virus,  proper  control 
measures  can  then  be  taken. 

The  presence  of  potato  virus  X  was  found  in  all  samples  tested 
from  the  Irazu  region.  Potato  virus  Y,  although  expected  from  the 
symptoms  expressed,  was  not  present  when  diseased  material  was 
indexed  on  the  plant  virus  differential  hosts.  With  the  development 
of  the  potato  program  it  may  be  necessary  to  resort  to  the  use  of 
serological  methods  to  test  for  the  presence  of  the  various  virus 
diseases.  The  serological  method  of  plant  virus  identification  is 
rapid,  requires  little  greenhouse  space,  and  is  absolute.  Such  an 
indexing  program,  in  use  in  the  Netherlands  for  some  years,  is 
now  being  used  in  Canada  and  the  United  States. 

Blister  spot,  described  by  Wellman  as  a  virus  disease  of  coffee, 
has  been  observed  in  several  localities  of  the  coffee-growing  regions 
in  Costa  Rica.1  Experiments  have  been  initiated  to  prove  the  identity 
of  the  virus  involved,  its  insect  vectors,  and  its  probable  primary 
source. 

Inspection  of  the  sweet  yellow  lupine  (Lupinus  luteus)  grown  at 
El  Alto  shows  that  the  virus  disease  (bean  yellow  mosiac  virus), 
prevalent  in  the  lupine-growing  areas  of  the  United  States,  is  also 
present  here.  The  suspected  source  of  the  virus,  which  is  seed- 
borne,  is  the  commercial  seed  imported  from  the  United  States. 
This  virus,  bean  yellow  mosaic,  has  a  host  range  limited  to  the 
family  Leguminosae  and  could  be  very  damaging  to  such  crops  as 
beans,  peas,  and  certain  of  the  forage  legumes.  This  virus  has  not 
been  reported  from  any  other  crop  in  Costa  Rica,  and  even  though 
no  extensive  search  has  been  made  for  its  presence,  it  would  be 
wise  to  eliminate  the  potential  source  now  present  at  El  Alto  by 
plowing  infected  crops  under,  followed  by  clean  cultivation  and  the 
planting  of  some  immune  crop  such  as  oats,  wheat,  barley,  or  rye. 

Diseased  specimens  of  petunias  collected  near  Cartago,  though 
exhibiting  various  symptoms  of  virus  infection  when  indexed  on 


300  FERTILE   LANDS    OF   FRIENDSHIP 

differential  hosts,  yielded  only  tobacco  mosaic  virus.  The  primary 
source  of  the  virus  in  all  probability  comes  from  the  users  of 
tobacco  products.  After  the  initial  infection,  spread  is  likely  through 
the  excessive  handling  of  the  plants  during  cultural  practices. 

A  survey  of  the  bean-,  tomato-,  and  pepper-growing  areas  of 
Santa  Ana  and  Alajuela  revealed  negligible  virus  infection  in  these 
crops. 


NOTE 

1.    F.  L.  Wellman,  "Blister  Spot  of  Arabica  Coffee  from  Virus  in  Costa  Rica,' 
Turrialbal:  13-15,  1957. 


RAY  A.  PENDLETON 


W: 


In  Retrospect 

hen  an  endeavor  is  made  to  look  in  retrospect  on 
a  series  of  activities  of  any  nature,  the  normal 
approach  is  to  try  to  evaluate  the  accomplishments  and  relate  them 
to  future  developments.  At  this  writing,  one  year  after  the  termina- 
tion of  the  ICA  Florida-Costa  Rica  Contract,  an  effort  is  made  to 
review  the  various  agricultural  fields  of  endeavor  in  which  Florida 
Contract  technicians  participated.  In  the  preparation  of  the  ensuing 
comments  a  number  of  Costa  Rican  nationals  have  been  interviewed. 

Improvements  in  agriculture  usually  start  slowly.  It  takes  time 
for  them  to  gain  momentum.  Studies  in  the  United  States  have 
shown  that  improved  practices  adopted  by  a  community  have  re- 
sulted from  specific  pioneering  trials  by  one  or  possibly  several 
individuals,  who  in  turn  had  received  their  ideas  from  an  experi- 
ment station  technician.  People  tend  to  imitate  a  successful  man 
or  a  successful  mode  of  operation,  but  it  takes  time  for  ideas  to 
spread.  For  this  reason  it  may  be  difficult  to  discern  the  effect  of  the 
technicians'  ideas  that  have  already  started  to  germinate  but  which 
have  not  yet  culminated  in  the  end  product.  It  may  also  be  difficult 
to  see  the  underlying  causes  of  changes  that  are  taking  place. 

The  majority  of  Costa  Ricans  interviewed  in  this  matter  have 
retained  the  impression  that  Florida  Contract  technicians  were 
dedicated  workers  who,  insofar  as  possible,  always  worked  with  a 
Costa  Rican  counterpart  and  thereby  left  on  the  spot  someone 
trained  to  carry  on  the  work  they  had  helped  to  initiate.  It  was  also 
apparent  that  Florida  technicians  preferred  to  get  out  in  the  field 
with  Costa  Rican  nationals  in  order  to  become  more  competent 
advisers. 

The  field  of  agricultural  economics  is  perhaps  one  of  the  most 
difficult  in  which  to  pinpoint  achievements  or  progress.  Without 
such  studies,  though,  it  is  difficult  to  know  the  points  of  weakness 
in  an  agricultural  economy,  and  to  arrive  at  the  best  place  to  apply 
aid  to  get  the  desired  improvement.  The  International  Labor  Or- 
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ganization  of  the  United  Nations  (OIT)  has  undertaken  a  project 
to  study  the  use  of  labor  and  problems  in  land  tenure  in  various 
countries.  Prior  to  the  Florida  studies  in  Costa  Rica  there  was  no 
background  information  to  use  as  a  basis  for  scheduling  such  work 
in  this  country.  Economic  studies  have  made  it  possible  for  Costa 
Rica  to  do  a  better  job  of  distributing  and  placing  their  limited  re- 
search and  extension  facilities.  The  information  obtained  from  the 
economic  studies  is  being  used  by  local  banks  in  granting  needed 
credit  where  it  can  be  of  the  most  benefit.  The  National  Production 
Council  is  also  using  research  information  pertinent  to  its  needs. 
An  immediate  result  of  a  study  made  in  Atenas  County  is  a  pro- 
gram by  the  University  of  Costa  Rica  to  produce  bean  seed  in  that 
area  as  a  partial  solution  to  problems  pointed  out  in  the  report. 
This  program  will  benefit  the  economy  both  of  that  district  and  of 
the  nation.  Costa  Rica,  in  looking  ahead,  has  plans  to  use  the  in- 
formation obtained  as  a  basis  for  further  studies  and  in  developing 
policies  and  laws  in  land  tenure,  resettlement,  colonization,  and 
inheritance — factors  which  vitally  affect  its  future. 

A  marketing  study  of  the  potato  crop  brought  into  focus  the  facts 
that  there  were  high  and  low  periods  in  the  marketing  of  potatoes, 
in  which  either  too  many  or  too  few  were  placed  on  the  market  at 
one  time.  This  resulted  in  price  fluctuations  that  were  disadvanta- 
geous to  the  consumer  and  producer  alike.  As  a  result  of  the  study 
there  has  been  an  increasing  trend  for  growers  to  plan  their  crop  so 
as  to  avoid  these  wide  fluctuations.  This  trend  is  leading  to  a  more 
uniform  price  structure  and  a  better-balanced  economy.  Work  on 
the  potato  crop  also  brought  into  focus  the  fact  that  many  growers 
were  using  extremely  poor-quality  seed,  which  should  lead  to  new 
regulations  regarding  the  potato  seed  supply.  Some  studies  made 
of  the  sugar  cane  crop  have  resulted  in  a  tendency  to  shift  produc- 
tion from  the  Meseta  Central  to  the  lower  and  more  tropical  parts 
of  the  country,  where  sugar  cane  can  be  produced  more  efficiently. 

People  of  Costa  Rica  who  are  concerned  with  national  economic 
problems  are  able  to  follow  the  results  of  these  economic  studies 
through  various  publication  media,  the  most  important  of  which 
is  el  Mensajero  Extensionista. 

Florida  technicians  took  an  active  interest  in  the  Costa  Rican 
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beef  cattle  and  dairy  industry.  A  beef  cattle  marketing  study  with 
emphasis  on  transportation  losses  showed  that  cattle  transported 
from  Guanacaste  Province  to  interior  points  resulted  in  weight 
losses  in  transportation  that  sometimes  averaged  as  high  as  11  per 
cent.  This  was  caused  by  use  of  such  things  as  faulty  loading  facili- 
ties, physical  abuse,  lack  of  water,  and  crooked  roads.  When  the 
situation  was  called  to  the  attention  of  producers  they  were  able  to 
eliminate  much  of  the  abuse,  change  their  method  of  loading  and 
hauling,  and  reduce  these  losses  to  less  than  6  per  cent.  This  was 
a  case  of  an  immediate  benefit  with  more  profit  for  the  producer 
and  better  meat  for  the  consumer. 

Dairying  is  an  important  enterprise  in  Costa  Rica  and  the  pro- 
duction and  sale  of  dairy  products  have  increased  rapidly  in  recent 
years  in  both  quantity  and  quality.  Florida  technicians  played  an 
important  role  in  this  field  The  leading  dairy  products  distributor 
of  Costa  Rica,  handling  90  per  cent  of  the  pasteurized  milk,  has 
introduced  a  new  kind  of  ice  cream  with  an  excellent  sales  value, 
new  methods  in  retail  trade,  new  methods  in  general  sanitation, 
a  new  method  of  handling  cheese  culture  which  results  in  better- 
flavored  cheese,  new  cheese-making  equipment,  and  various  other 
changes  which  have  resulted  in  part  from  ideas  and  suggestions 
made  by  Florida  technicians. 

The  increased  dairy  business  of  Costa  Rica  in  recent  years  can 
best  be  shown  by  citing  a  few  figures  of  production  by  the  major 
company.  In  1957  the  daily  receipts  of  milk  were  70,000  bottles; 
in  1961,  118,000  bottles.  In  1957,  42,000  bottles  of  milk  were 
sold  daily  to  consumers;  in  1961,  70,000.  In  1957,  1,900  pounds 
of  butter  were  sold  per  day;  in  1961,  4,000  pounds.  In  1957  the 
daily  sales  of  ice  cream  were  400  gallons;  in  1961,  650  gallons.  In 
1957,  no  cheese  was  manufactured  commercially  by  this  firm;  by 
mid-1961,  sales  averaged  700  pounds  per  day.  These  figures  show 
a  very  impressive  growth  in  which  Florida  technicians  made  an  im- 
portant contribution.  The  company  feels  that  in  its  business  ex- 
pansion many  costly  errors  have  been  avoided  because  of  ideas 
suggested  by  Florida  technicians. 

When  thinking  of  a  beef  or  dairy  program  it  is  natural  to  think 
also  of  a  pasture  program.  Laboratory  studies  of  pasture  grasses 
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have  pointed  out  the  poor  quality  of  some  of  the  local  pasture 
grasses.  Field  fertilizer  studies  have  shown  means  of  improving 
the  quality  and  quantity  of  pastures  by  proper  fertilization.  This  is 
an  approach  that  is  beginning  to  be  adopted  not  only  by  a  few  of 
the  beef  cattle  producers  but  also  by  an  important  contingent  of  the 
milk  producers.  New  forage  crops  introduced  into  Costa  Rica  in 
recent  years  include  several  grasses,  clovers,  oats,  and  vetch,  several 
of  which  are  beginning  to  find  a  place  in  the  agriculture  of  the 
country,  and  undoubtedly  will  fill  a  much  larger  need  in  the  future. 
On  some  farms  in  Guanacaste  Province  today  one  may  see  baled 
hay  and  small  trench  silos,  efforts  of  the  ganaderos,  the  livestock 
growers,  to  maintain  their  livestock  in  better  condition  during  the 
long  dry  season.  Of  course,  various  factors  and  agencies  contribu- 
ted to  this  new  concept,  but  Florida  technicians  had  a  part.  In 
addition,  the  value  of  suggestions  for  better  animal  nutrition  and 
for  stimulation  of  higher-grade  livestock  through  fairs  and  shows, 
all  of  which  have  contributed  their  share  to  an  improved  economy, 
should  not  be  overlooked. 

Prior  to  1956  the  MAI  had  limited  facilities  for  chemical  inves- 
tigations of  agricultural  soils  or  crops.  The  University  of  Costa  Rica 
also  lacked  these  facilities.  Early  in  the  operation  of  the  Florida 
Contract  an  ICA  technician  and  former  Director  of  the  Florida 
Agricultural  Experiment  Stations  saw  the  need  for  better  facilities 
and  started  a  program  to  develop  them.  He  envisioned  a  new  mod- 
ern laboratory  and  at  the  same  time  visualized  its  being  linked  at 
some  future  time  with  the  Faculty  of  Agriculture  of  the  University 
of  Costa  Rica.  With  this  in  mind  a  site  was  selected  on  the  campus 
of  the  new  University.  With  funds  provided  by  the  MAI,  the  Univer- 
sity, and  STICA,  a  modern  laboratory  was  built  and  good  facilities 
provided.  This  is  a  two-story  building  with  11  rooms  for  investiga- 
tional work,  2  office  rooms,  3  storerooms,  and  a  library.  In  addition 
there  is  an  adjacent  greenhouse  with  about  100  square  feet  of  floor 
space.  This  soils  laboratory  is  staffed  by  a  director,  5  technicians, 
and  3  laboratory  assistants.  In  addition  there  is  space  to  accom- 
modate 4  to  5  research  students  in  agriculture  who  Use  the  facilities 
for  thesis  study.  This  project  certainly  has  an  unlimited  future. 
During  its  period  of  operation  the  staff  has  published  5  technical 
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bulletins,  2  annual  reports,  3  mimeographed  reports,  and  numer- 
ous newspaper  articles.  Three  hundred  copies  of  these  publications 
have  been  issued  to  assure  wide  distribution  in  the  country.  Eight 
new  articles  are  now  being  readied  for  publication. 

In  this  laboratory  investigations  have  been  made  on  many  phases 
of  soil  and  crop  chemistry,  including  studies  on  nitrogen,  phos- 
phorus, potassium,  soil  acidity,  calcium,  magnesium,  exchange  ca- 
pacity, organic  matter,  minor  elements,  leaf  analysis,  and  other 
aspects  of  plant  nutrition  on  coffee,  cacao,  and  rice.  This  is  only 
the  beginning.  It  has  a  rosy  future.  Recently  the  laboratory  was 
turned  over  to  the  University  of  Costa  Rica  and  made  a  part  of  the 
Faculty  of  Agriculture.  To  aid  in  its  operation,  limited  support  will 
be  provided  by  STICA  for  the  next  three  years.  An  indication  of 
the  effectiveness  of  research  work  in  Costa  Rica  can  be  illustrated 
by  coffee  yields  which  have  increased  from  900  pounds  per  manzana 
in  1956-57  to  1,240  pounds  per  manzana  in  1959-60. 

This  story  should  not  be  left  without  a  word  about  the  men  that 
have  been  trained  in  the  United  States  or  elsewhere  due  largely  to 
selections  made  by  Florida  technicians.  In  local  terminology  they 
are  called  participants,  or  participant  trainees.  In  addition  to  the 
list  of  returned  participants  cited  in  the  Introduction  there  are 
other  technicians  who  went  to  the  United  States  for  training  under 
participant  grants  from  ICA  but  who  were  recommended  for  the 
training  by  Florida  Contract  personnel.  As  an  example,  several  re- 
cent trainees  are  cited.  Elemer  Bornemisza  departed  from  Costa 
Rica  August  22,  1957,  for  12  months'  study  in  the  field  of  soil 
chemistry  at  the  University  of  Florida.  He  is  now  with  the  Turrialba 
Inter-American  Institute  of  Agricultural  Sciences.  Carlos  A.  Lopez 
left  Costa  Rica,  August  11,  1958,  to  go  to  Iowa  State  University  for 
12  months'  study  in  soil  chemistry.  He  is  now  with  the  Soils  Labora- 
tory of  the  University  of  Costa  Rica.  Mario  Cordoba  left  Costa  Rica 
on  August  24,  1959,  to  go  to  the  University  of  Florida  to  study  for 
12  months  in  the  field  of  agricultural  economics.  He  has  returned 
to  the  MAI  as  an  agricultural  economist.  Jose  Francisco  Pereira 
departed  from  Costa  Rica  on  August  4,  1960,  for  18  months'  study 
in  plant  physiology  and  plant  nutrition  at  the  University  of  Cali- 
fornia, Davis,  California. 
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The  University  of  Florida-STICA  Contract  was  a  United  States 
mutual  aid  endeavor  to  utilize  University  of  Florida  staff  members 
in  the  training  of  agricultural  personnel  in  Costa  Rica  and  to  aid  in 
developing  the  nation's  agriculture.  The  Contract  was  one  small 
segment  of  a  major  endeavor  to  create  better  hemispheric  relation- 
ships— but  an  important  one.  Now  that  the  Contract  has  ended 
there  remains  on  the  campus  of  the  University  of  Florida  a  core  of 
well-trained  technicians  who  are  well  acquainted  with  Costa  Rica 
and  ready  to  aid  it  in  its  struggle  for  increasing  economic  uplift 
by  whatever  ways  fall  to  its  lot.  Fortunately  this  is  a  source  of 
strength  to  both  Costa  Rica  and  the  University  of  Florida  in  facing 
mutual  problems  in  the  years  ahead. 
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Sancho,  Alberto  Vargas;  J.  R.  Beckenbach,  Director  Florida  Agricul- 
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221,  226-27,  241,  250-65;  fertilization 
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